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Abstract

The complexes [Ru(bpy),(H,TPOA)](PF,),4H,O (1); [Ru(Me-bpy),(H,TPOA)](PF¢),2H,0 (2); [Ru(bpy),(H,TTOA)](PFe),
2H,0 (3); [Ru(Me-bpy),(H,TTOA)](PF),2H,O (4) and {[Ru(bpy),],(TPOA)}(PF,),2H,O (5) (where bpy is 2,2"-bipyridine;
Me-bpy is 4,4’-dimethyl-2,2'-bipyridine; H,TPOA is N,N',N"”,N'"-tetraphenyloxalamidine; H,TTOA is N,N',N",N"’'-tetratolylox-
alamidine) have been synthesised and characterised by 'H NMR, FAB MS, infrared spectroscopy and elemental analysis. The
X-ray investigation shows the coordination of the still protonated oxalamidine moiety via the 1,2-diimine unit. The dimeric
compound (5) could be separated in its diastereoisomers (5') and (5”) by repeated recrystallisation. The diastereomeric forms
exhibit different 'H NMR spectra and slightly shifted electronic spectra. Compared with the model compound [Ru(bpy);]* *, the
absorption maxima of (1)—(5) are shifted to lower energies. The mononuclear complexes show Ru(III/II)-couples at about 0.9 V
versus SCE, while for the dinuclear complex two well defined metal based redox couples are observed at 0.45 and 0.65 V,

indicating substantial interaction between the two metal centres. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Oligonuclear polypyridyl Ru(Il) complexes are being
investigated currently in detail because of their rich
electrochemical and photophysical properties which
render them very attractive systems for modelling elec-
tron and energy transfer processes [1], which are known
to play a crucial role in biological processes such as
respiration, photosynthesis and oxidative DNA cleav-
age [2].

In most of the compounds described so far, the
Ru(Il) metal centre is bound to aromatic and polyaro-
matic pyridyl compounds containing 1,2-diimine units
[3]- Less attention has been paid to compounds contain-
ing ligands in which the chelating 1,2-diimine unit is

"*Corresponding author. Tel.: + 49-3641-948 100; fax: + 49-3641-
948 102
2#Corresponding author.

not part of an aromatic system [4] [5]. In this contribu-
tion novel ruthenium polypyridyl complexes containing
nonaromatic 1,2-diimines are further considered and we
report our studies on mono- and dinuclear Ru(II) com-
plexes containing N,N',N”,N'"-tetraaryloxalamidines
(aryl = phenyl:H,TPOA; aryl = tolyl:H,TTOA). (For
structures of these ligands see Fig. 1.)

The purpose of these investigations is to study the
effect that these non-aromatic diimine ligands have on
the absorption spectra and the electrochemical proper-
ties of ruthenium polypyridyl moieties. Also of interest
is the determination of the coordination mode of the
ligands. Since oxalamidines can be deprotonated [9],
several coordination modes are possible for this type of
ligand. The acid—base properties of the ligands can in
principle also be used to tune the electronic properties
of the ruthenium polypyridyl complexes obtained. The
coordination chemistry of these ligands with complex
fragments such as Mo(CO),; BR, (R =Me); and
Cu(I)L has already been reported [6—8].

0020-1693/00/$ - see front matter © 2000 Elsevier Science S.A. All rights reserved.
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Fig. 1. Structure of the ligands.

2. Experimental
2.1. Materials

H,TPOA and H,TTOA were prepared according to
literature procedures [10]. RuCl;:xH,O was purchased
from Strem Chemical and used without further purifi-
cation. 2,2"-bipyridine and 4,4’-dimethyl-2,2"-bipyridine
were obtained from Aldrich.

2.2. Instrumentation and measurements

'"H NMR spectra were obtained on a Bruker AC 200
MHz spectrometer and all spectra were referenced to
TMS or deuteriated solvent as an internal standard.
UV-Vis spectra were recorded on a Shimadzu UV
3100 spectrometer using Teflon stoppered quartz cells
having a path length of 1 cm. FAB MS data were
obtained on a Finnigan MAT SSQ 710 instrument
using 2,4-dimethoxybenzylalcohol as a matrix. Studies
of the acid—base properties were carried out in a 50/
50% (viv) mixture of acetonitrile and Britton—
Robinson buffer (0.04 M H;BO,; 0.04 M H,PO;; 0.04
M CH;COOH). This mixture was used for all measure-
ments and the pH was measured directly with an EDT
microprocessor pH-meter calibrated with standard
buffers of pH 4.0 and 7.0. The pK, constants were
obtained from the absorption spectra with the aid of a
diagram AADbs% versus pH. The electrochemical cell
was a conventional three compartment cell. The refer-
ence electrode was a saturated calomel electrode and
the working electrode was a 3 mm diameter Teflon
shrouded glassy carbon electrode and a platinum gauze
was used as the counter electrode. A solution of 0.1 M
tetraethylammonium perchlorate (TEAP) in acetonitrile
was used as the electrolyte in all measurements. Cyclic
voltammetry was carried out on a CH-instruments
model 660 electrochemical workstation interfaced to an
Elonex PC466 personal computer. Analytical HPLC
experiments were carried out using a Waters HPLC
system, consisting of a model 501 pump, a 20 pl
injector loop, a Partisil SCX radial PAK cartridge
mounted in a radial compression Z module and a
Waters 990 photodiode array detector. The system was
controlled by a NEC APC III computer. The detection
wavelength was 290 nm. The mobile phase used was
90:10 CH;CN:H,O containing 0.1 M LiCIO,. Elemen-

tal analysis on C, H and N were carried out at the
Microanalytical Laboratory of the University College
Dublin and at the Friedrich—Schiller-University, Jena.

2.3. Preparations

A typical protocol for preparation of compounds
1-4 is as follows (described here for
[Ru(bpy),(H,TPOA)](PF,),4H,O (1)): 0.416 g (0.8
mmol) of Ru(bpy),Cl,:2H,0 were dissolved in 50 ml
ethanol-water (95:5 v/v%) and subsequently 0.390 g
(1.0 mmol) of H,TPOA was added. The mixture was
refluxed for 24 h, during which the colour changed
from violet to deep red. After cooling to room temper-
ature (r.t.), the solution was evaporated to dryness. The
resulting residue was redissolved in a small amount of
acetonitrile and purified using column chromatography
(AL, O;; acetonitrile—toluene). The brick red main band
was collected and the complex precipitated by adding
an excess of aqueous NH,PF,. The precipitate was
isolated, washed with diethylether and dried under vac-
uum. Alternatively, the pure compounds can be also
obtained by fractional crystallisation from acetone—
water.

[Ru(bpy),(H,TPOA)](PF),-4H,O (1), yield: 84%. 'H
NMR (DMSO-dq, 0, ppm, 20°C): 10.02 (s, NH, 2H);
9.23 (d, HS, 2H), 8.42 (d, H?, 2H); 8.24 (t, H*, 2H); 8.12
(d, H*, 2H); 8.05 (t, H>, 2H); 7.71 (t, H*, 2H); 7.47 (d,
H¢, 2H), 7.19 (t, H*, 2H); 6.96 (t, H,,,,,, 4H); 6.83 (d,
H,,om, 4H); 6.78 (t, H,om» 2H); 6.56; 6.49; 5.31 (dy-
namic system, H,,.,,, I0H). FAB MS (dmba, m/z): 949
([M*T]1—PFs); 804 (MT]1— 2PF¢ ). IR [Nujol; v,
cm~!: 3382 (m, NH); 3075 (w, arom. C-H); 1595 (s,
C=N); 1448 (s, C=C), 842, 557 (s, PF,). UV-Vis
(acetonitrile, Ay, nm): 469 (6=13938 1 cm~!
mol~"). CV (acetonitrile, 0.1 M TEAP versus SCE,
Eruanmy,V): 0.94; Anal. Calc. C, 48.89; H, 3.75; N,
9.92. Found: C, 48.49; H, 3.95; N, 9.88%.

[Ru(Me-bpy),(H,TPOA)](PF),-2H,0 (2), yield: 75%.
'"H NMR (DMSO-dq, J, ppm, 20°C): 9.98 (s, NH, 2H);
9.32 (d, HS, 2H), 8.42 (d, H? 2H); 8.11 (d, H?, 2H);
7.96 (t, H%, 2H); 7.54 (d, H®, 2H), 7.14 (t, H%, 2H); 7.00
(t, Haroms 2H); 6.99 (t, H,poms 4H); 6.79 (d, Hyroms 4H);
6.57; 6.45; 5.37 (dynamic system, H,...,, I0H); 2.69 (s,
CH,, 6H); 2.34 (s, CH;, 6H). FAB MS (dmba, m/z):
1005 (M*T]1—PF¢s); 859 ((M*]— 2PFs, — H™). IR
[Nujol; v, cm ~!]: 3367 (m, NH); 3060 (w, arom. C-H);
2924 (w, C-H); 1619 (s, C=N); 1450 (s, C=C), 845, 558
(s, PF4). UV-Vis (acetonitrile, Ay, nm): 476 (6=
11728 1 em—! mol~!). CV (acetonitrile, 0.1 M TEAP
versus SCE, Ex,quym,V): 0.90; Anal. Calc. C, 52.20; H,
4.03; N 9.78. Found: C, 51.88; H, 4.92; N, 8.74%.

[Ru(bpy),(H,TTOA)](PF,),.2H,0 (3), yield: 72%. 'H
NMR (DMSO-d¢, 4, ppm, 20°C): 9.95 (s, NH, 2H);
9.35 (d, H®, 2H), 8.36 (d, H?, 2H); 8.09 (m, H* u. H*,
4H); 7.98 (t, H®, 2H); 7.60 (t, H*, 2H); 7.43 (d, HE,
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2H), 7.08 (t, H>, 2H); 6.57 (dd, H,,..,,» 8H); 6.08; 5.49;
(dynamic system, H,,.,, 8H); 2.00 (s, CH;, 6H); 1.80 (s,
CH,, 6H). FAB MS (dmba, m/z): 1006 (M*]— PF4
+ H*); 860 ([M+]— 2PFs ). IR (Nujol; v, cm~1'):
3366 (m, NH); 2923 (w, C—H); 1593 (s, C=N); 1463 (s,
C=C), 841, 557 (s, PF; ). CV (acetonitrile, 0.1 M
TEAP versus SCE, Eg,qm,V): 0.96. UV—Vis (acetoni-
trile, Ao, nm): 472 (6= 11274 1 cm~ ! mol —Y); Anal.
Calc. C, 50.42; H, 4.25; N, 9.44. Found: C, 50.91; H,
4.94; N, 8.66%.

[Ru(Me-bpy),(H,TTOA)](PF,),-2H,O (4), yield: 45%.
'H NMR (DMSO-dq, J, ppm, 20°C): 9.56 (s, NH, 2H);
8.96 (d, HS, 2H), 8.23 (d, H?, 2H); 7.98 (d, H*, 2H);
7.85 (t, H, 2H); 7.18 (d, HY, 2H), 7.05 (t, H>, 2H); 6.80
(dd, H,,omm, 8H); 6.40 (dynamic system, m, H,,,...,, 8H);
2.62 (s, CH;, 6H); 2.26 (s, CH;, 6H); 2.06 (s, CH;, 6H);
1.93 (s, CH;, 6H). FAB MS (dmba, m/z): 1061
([M*]1—PF, + HT); 1004 [M*T]— 2PF, — 3F7);
915 ([M*]— 2PF, — H™). IR (Nujol; v, cm—1): 3371
(m, NH); 3029 (w, arom. C-H); 2924 (w, C-H); 1618 (s,
C=N); 1450 (s, C=C), 845, 558 (s, PF; ). CV (acetoni-
trile, 0.1 M TEAP versus SCE, Eg ), V): 0.87. UV—
Vis (acetonitrile, Aygcr, nm): 478 (e=13983 1 cm !
mol ~Y); Anal. Calc. C, 53.78; H, 4.51; N, 9.29. Found:
C, 54.60; H, 4.68; N, 8.76%.

2.4. Preparation of {[Ru(bpy),l,(TPOA)}(PF), 2H,0
)

A total of 195 mg (0.5 mmol) of TPOA were dis-
solved in 60 ml ethanol-water (50:50 v/v%). An excess
of 0.671 g (0.8 mmol) of Ru(bpy),Cl,-2H,0O was added
and the resulting solution was refluxed for 8 h. The
reaction mixture was treated with an excess of aqueous
NH,PF,. The precipitate was redissolved in acetone—
water and pure and mixed fractions of the meso-(41)-
compound and the unresolved (44/4A4) enantiomeric
pair (5 and 5”) could be isolated subsequently by
fractional crystallisation. Yield: 1.3 g (84%) of (5’ and
5.

(5): 'H NMR (DMSO-d,, J, ppm, 20°C): 8.78 (d,
H¢, 4H); 8.71 (d, H?, 4H); 8.56 (d, H¥, 4H); 8.18 (t, H%;
4H); 7.77 (t, H¥, 4H); 7.69 (t, H>, 4H); 7.30 (d, H®,
4H); 7.14 (t, H¥, 4H); 6.68 (t, H, .., 4H); 6.53 (t, H,,om»
8H); 5.97 (d, H,,om» 8H). IR (Nujol; v, cm ~1): 3036 (w,
arom. C-H); 1592 (s, C=N); 1489, 1444 (s, C=C); 842,
557 (PF¢~). UV-Vis (acetonitrile, Ay cr, nm): 520. CV
(acetonitrile, 0.1 M TEAP versus SCE, Eg,qum, V):
0.45; 0.64; Anal. Calc. C, 51.43; H, 3.66; N, 10.91.
Found: C, 52.23; H, 3.42; N, 10.90%.

(5"): 'H NMR (DMSO-d,, J, ppm, 20°C): 9.09 (d,
H¢, 4H); 8.90 (d, H?, 4H); 8.68 (d, H¥, 4H); 8.41 (t, H*,
4H); 8.12 (t, H°, 4H); 7.80 (t, H¥, 4H); 7.29 (d, H®,
4H); 7.13 (t, H¥, 4H); 6.41 (t, H, .., 4H); 6.09 (t, H,, ...,
8H); 5.70 (d, H,,om» 8H). IR (Nujol; v, cm ~1): 3036 (w,
arom. C-H); 1592 (s, C=N); 1489, 1444 (s, C=C); 842,

557 (PF¢ ). UV-Vis (acetonitrile, Ay o, nm): 526. CV
(acetonitrile, 0.1 M TEAP versus SCE, Er,qum, V):
0.46; 0.65; Anal. Calc. C, 51.43; H, 3.66; N, 10.91.
Found: C, 52.87; H, 3.98; N, 10.84%.

2.5. Crystal structure determination of
[(bpy)>Ru(H,TPOA)J(PFy),"4H,0 (1)

X-ray diffraction was carried out on a Nonius Kappa
CCD diffractometer, using graphite-monochromated
Mo Ka radiation and ¢-scan technique (A¢ = 1°, scan-
range 180°, time/frame=30 s) at 20°C. Data were
corrected for Lorentz and polarisation effects, but not
for absorption [13].

The structure was solved by direct methods (SHELXS
[14]) and refined by full-matrix least-squares techniques
against F? (SHELXL-93 [15]). The hydrogen atoms
(without the water molecules) were located by differ-
ence Fourier synthesis and refined isotropically. All
non-hydrogen atoms were refined anisotropically. XP
(Siemens Analytical X-ray Instruments, Inc.) was used
for structure representations.

3. Results and discussion

3.1. Synthesis and structure of mononuclear complexes
1-4

The synthesis of ruthenium oxalamidine compounds
was accomplished using standard methods. The nucle-
arity of resulting complexes could be governed by con-
trolling the metal to ligand ratio (see Fig. 2).
Nevertheless, in the case of the mononuclear com-
pounds 1-4 some dimer formation could not be pre-
vented and subsequently cleaning by column
chromatography was necessary. The 'H NMR spectra
do exhibit the expected pattern of the bpy protons in a
C,-symmetric Ru(bpy), environment. All protons of the
bipyridine ligands could be attributed unambiguously
by 'H-'H-COSY experiments.

The signals that can be attributed to the aromatic
substituents of the coordinated oxalamidine ligands are
found at a higher field than the bipyridine protons. At
r.t., only half of the expected aromatic signals for 1-4
are well resolved peaks (see for example compound 3 in
Fig. 3). Thus, compound 3 shows for half of the tolyl
protons at r.t. one well resolved AA'BB’ spin system,
while the other half is observed as a broadened signal at
about 6.0 ppm. Upon heating, this signal becomes the
expected AA'MM’ spin system at 5.49 and 6.08 ppm.
This dynamic process is most likely explained by hin-
dered rotation of the aryl substituents on the ox-
alamidine ligands. Interestingly, this behaviour is not
observed in the binuclear compound 5 (vide infra). This
can be explained by enhanced crowding around the
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Fig. 2. Synthesis of mononuclear complexes 1-4 and dimeric complex 5.

tetraphenyloxalamidine bridging ligand, not allowing
for any rotation of the aryl substituents around the
C-N bound.

An important aspect of this study is establishing the
coordination mode of the oxalamidine ligand. The te-
tradentate nature of these ligands allows different coor-
dination modes (see Fig. 4) and possible deprotonation
of the ligands also needs to be considered.

The presence of protonated secondary amino func-
tions in the mononuclear complexes 1-4 was estab-
lished from 'H NMR measurements, by infrared
spectroscopy and by elemental analysis. This protona-
tion behaviour is contrary to that of triazole ligands,
where a secondary N-H function is being deprotonated
upon coordination [11]. The composition of compounds
1-4 was further confirmed by FAB MS, in which the
complexes exhibit characteristic losses of the only elec-
trostatically bound PFg-anions rendering the cationic
complex fragment as the most intense signal (see Sec-
tion 2).

383K
MU‘ Iq‘--*-—-—-———-—-—-——-
AA'BB’ Coalescence of the
293K system AA’MM ' system
{
AP SR
9.0 8.0 7.0 6.0 5.0

Fig. 3. "H NMR spectra of [(bpy),Ru(H,TTOA)](PF,),2H,O (3), at
293 and 383 K exhibiting the dynamic behaviour of the aromatic
protons of the tetratolyloxalamidine.
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Fig. 4. Possible coordination modes of the oxalamidine ligand towards the Ru(bpy), moiety.

In order to establish the coordination mode of the
ligand, the X-ray structure of complex 1 was deter-
mined. Some relevant distances and angles are given in
Table 1. As in solution, complex 1 exhibits C,-symme-
try in the solid state. The result of the X-ray investiga-
tions depicted in Fig. 5 demonstrates clearly octahedral
coordination of the Ru(Il) ion by two bipyridine lig-
ands and by one H,TPOA ligand. The latter ligand is
coordinated via the 1,2-diimine unit. The secondary
amines are clearly protonated. The C-N(H) bond
length (de_n = 1.355(5) A) reveals a partial double bond
character probably due to the delocalisation of the
double bond in the amidine system, but the 1,2-diimine
unit is defined clearly by its significantly shorter C—N-
distance (d- n = 1.294(4) A). This allows one to draw
the unambiguous conclusion, that the tetraphenylox-
alamidine is coordinated via its 1,2-diimine system
(C in Fig. 4). It is worth emphasising that H,TPOA
is bonded in its s-cis configuration while the free
ligand exists in crystal form only, as a s-trans con-
former [12].

The Ru—N(bpy)-distances (dr, n = 2.049(3)—2.053(3)
A) are in the typical range of other members of the
Ru(bpy), (LL)-class [2], while the Ru—N(oxalamidine)
distances are elongated slightly (dg, n=2.081(3) A)
indicating the weaker back bonding character of the
oxalamidine ligand or maybe a steric hindrance by the
phenyl groups. Interestingly the Ru—N distance in the,
also neutral, dihydrazone type ligands are significantly
shorter at 2.01 A [4]. The N-Ru—N bite angles show the
anticipated values (« =78.7(1)°) for the bipyridines,
while the bite angle of the oxalamidine do not exceed
o =75.4(2)° due to easier pinching of the non rigid
oxalamidine system.

In addition, the X-ray investigations reveal inter-
molecular interactions. In the crystalline state com-
pound 1 forms a polymeric chain of alternating ordered

Table 1
Selected bond lengths (A) and angles (°) for [Ru(bpy),-
(H,TPOA)|(PF¢),4H,0 (1)
Ru-N(4) 2.049(3) N(4)-Ru-N(4A) 173.8(2)
Ru-N(3) 2.053(3) N(4)-Ru-N(3A) 97.0(1)
Ru-N(1) 2.081(3) N(4)-Ru-N(3) 78.7(1)
N(1)-C(1) 1.294(4) N(BA)-Ru-N(3) 91.6(2)
N(©2)-C(1) 1.355(5) N(4)-Ru-N(1) 85.7(1)
C(1)-C(1A) 1.503(6) N(4A)-Ru-N(1) 99.3(1)
N(@2)-0(1) 2.957(6) N(3A)-Ru-N(1) 171.9(1)
O(1)-0(2) 2.778(5) N(@3)-Ru-N(1) 96.5(1)
O(1)-0O(2A) 2.862(5) N(I)-Ru-N(1A) 75.4(2)
c16
c17d('-\(*“€«~
Cc18Y%)
c20 41)-\(@(‘
c21¢
% —)
ca’
o1} é‘\)/%)\kf‘ )C3
G 7/?:2 i\ / N1A
Cle ;——{;“\C‘IA
N2 ) N2A
J
€8 () C9 »
Q/\
C134¢)C10 \u‘
Al
| ()
cr2foen
Fig. 5. Drawing of the X-ray structure of

[(bpy),Ru(H,TPOA)](PF),-4H,O (1) (anions and solvent molecules
are omitted for reasons of clarity).
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Fig. 6. Supramolecular structure of [(bpy),Ru(H,TPOA)](PF),"4H,O
(1) (anions are omitted for reasons of clarity).

, | l
W h b A AR M
f‘,v:‘«‘ A LA _.J\ M i\
7790 785 80 7.
(ppm

70 65 60 5’

Fig. 7. '"H NMR spectra of the two diastereomers (5') (above) and
(5"”) (below) in DMSO-d, at 293 K.

complex cations whereby the cations are interconnected
by the interaction of each N-H function with a planar
ring consisting of four water molecules (see Fig. 6). The
distance dygy) o =2.957(6) A is in the typical range of
H-bonding distances, while the distances between the
oxygen atoms within in the planar water four ring are
2.778(5) and 2. 957(5) A. Thus, highly ordered solvent
molecules create a supramolecular arrangement in the
crystal.

It is worth mentioning that the position of the out-
ward directed phenyl rings seems to suggest a ©—m-in-
teraction. But compared with literature values [16], the
distance of dppenyt phenyt = 3-78 A in the phenyl stacks
indicates rather only simple crystal packing effects than
n—m-interaction as reason for this particular arrange-
ment.

Table 2

3.2. Synthesis and structure of the dinuclear compound
{[Ru(bpy ),].(TPOA)}(PFs), 2H,0 (5)

The use of more than twofold excess of Ru(bpy),-
precursor yields the dinuclear compound (5) in good
yield. HPLC measurements indicate the presence of two
compounds with a peak area of 50:50%. It was possible
to separate these by recrystallisation in acetone—water
(60/40 v/v%). Elemental analysis yielded identical com-
positions for both compounds and was indicative of a
deprotonation of the tetraphenyloxalamidine ligand in
both cases. The 'H spectra of the two fractions were
recorded in DMSO-dg and are depicted in Fig. 7. The
spectra are only slightly different and exhibit a quite
simple pattern with only one set of aromatic phenyl
signals as expected for a high symmetrical complex. All
peaks could be assigned unequivocally with the help of
COSY experiments. No broad peaks, as in the
mononuclear compounds, appear in the spectra and the
phenyl rings of the TPOA?~ bridging ligand show only
one well-resolved set of two triplets and one doublet.
This suggests that in the dinuclear compound, the aryl
rings are not free to rotate. The protons of the
bipyridine ligands show the usual shifts and pattern.

On the basis of these observations, it seems reason-
able to assume that the two fractions are optical iso-
mers (5’) and (5”). The presence of stereoisomers is
related to the well-known stereochemical problem of
linking two metal ions with helical chirality by a bridg-
ing ligand [17]. This causes the emergence of one meso-
form (4 4) and one enantiomeric pair with 44 and A4
configuration. The two isolated diastereomeric isomers
(5) and (5”) should correspond to the meso-(41)-com-
pound and to the unresolved (44/A4A4) enantiomeric
pair (enantiomers are indistinguishable in 'H NMR
spectroscopy) [18], but with the data available it was
not possible to assign the absolute configuration of (5')
and (5").

3.3. Absorption spectra

The absorption spectra of compounds 1-5 were
recorded in methanol—ethanol and show the typical

Absorption maxima and electrochemical data of the complexes 1-5 in acetonitrile *

Compound Amrcer (nm) e (l ecm~! mol~1) Ru(III/1I) (V) pK,
[Ru(bpy)sP* [5] 452 1.46 x 10* 1.26 -
[Ru(bpy)o(H,TPOA)P* (1) 469 1.39 % 10* 0.94 9.19
[Ru(Me-bpy),(H,TPOA)P* (2) 476 1.17 x 104 0.90 9.33
[Ru(bpy)o(H,TTOA)R* (3) 47 1.12x 10 0.96 9.94
[Ru(Me-bpy),(H,TTOA)P+ (4) 478 1.40 x 10* 0.87 10.15
{[Ru(bpy),],(TPOA)}>* (5)

5 520 (n.n.) 0.45/0.64 -
5 526 (n.n.) 0.46/0.65 -

2 pK, values for 1-4.
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Fig. 8. pH-dependence of the absorption spectra of
[Ru(bpy),(H,TPOA)](PF,),-4H,O (1) in the range from pH 3.08 to
12.05.
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Fig. 9. UV-Vis spectra of compounds (5') (- -) and (5”) (-).

features for members of the polypyridyl ruthenium(II)
class. The results are summarised in Table 2. The most
significant feature of these spectra is a strong band in
the visible range due to d, .~-MLCT transitions [19].

In comparison to the model compound [Ru(bpy);]* *
(Amrcer = 452 nm), the MLCT bands of the oxalamidine
complexes exhibit a shift to lower wavenumbers. There-
fore, it can be suggested that the investigated ox-
alamidines possess stronger o-donor and weaker
m-acceptor properties than bipyridine. The presence of
methylsubstituents in compounds 2 and 4 has only a
minor influence on the absorption maxima. The
MLCT-maximum of the dinuclear compound is ob-
served at a lower energy than in the monomeric com-
pounds. This reflects the deprotonation of the bridging
ligand and it is indicative of the stronger c-donor and
weakened m-acceptor properties of the deprotonated
bridge.

The possibility of tuning the absorption spectra of
the compounds 1-4 by changing the acidity of the
solution was investigated. Thus, Fig. 8§ shows the ab-
sorption spectra of compound 1 in the range from pH

3.08 to 12.05. In this range, only one set of isobestic
points is found. The MLCT band around 4 =470 nm
collapses gradually upon deprotonation and two new
bands appear. The emerging band at 4 = 505 nm can be
assigned to a MLCT transition in the deprotonated
complex. The deprotonated tetraphenyloxalamidine lig-
and should act as a stronger o-donor and increasing
electron density around the metal shifts the maximum
of the MLCT band to higher wavelengths. The band at
A =380 nm might correspond to an additional MLCT
band to either bpy or to H,TPOA.

From the absorption spectra it was possible to deter-
mine the pK, values for compounds 1-4 (see Table 2).
The pK, is relatively insensitive to substitution changes
on both the bpy ligand and the oxalamidines. Only one
protonation step could be observed in the range mea-
sured for all complexes. This might suggest that both
N-H functions are deprotonated at the same time or
that the second deprotonation is outside the range
measured.

The two diastercomers (5) and (5”) show slightly
different absorption spectra (see Fig. 9). Potential dif-
ferences in the electronic behaviour of diasteromeric
and enantiomeric isomers of polypyridyl ruthenium(II)
complexes were the subject of several recent investiga-
tions [20,21]. Multinuclear ruthenium polypyridyl com-
plexes will normally contain a manifold of diastereo-
mers and these studies are aimed at determining
whether optical isomers have significantly different pho-
tophysical properties. That is a rather important prob-
lem, because constructing antenna systems from
Ru-bipyridyl units demands the very strict control of
the photophysical properties of such light absorbing
devices.

Surprisingly, the measurement of compounds 1-5
does not show any emission. Even cooling down to 77
K in various solvents and extended change of the
pH-value did not render the expected emission. This is
a unexpected result, because the appearance of a emis-
sion from a long living *MLCT state is to be seen as
one of the intrinsic characteristics for polypyridyl-
Ru(II) compounds. One possible explanation might be
that the electron occupies an oxalamidine m*-orbital
instead of a bipy n*-orbital in the excited state. Thus,
the inappropriateness of the oxalamidine m*-orbitals to
deliver a long living excited state could explain the
absence of emission. This assumption might be sup-
ported by the first reduction potentials for compounds
1-4 which are irreversible, in contrast to those of
polypyridyl-Ru(II) complexes.

3.4. Electrochemistry

The Ru(II)/(IT) potentials for the PF¢-salts in 0.1 M
solution of tetra-n-butylammonium perchlorate in ace-
tonitrile versus saturated calomel electrode are sum-
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marised in Table 2. In comparison with [Ru(bpy);]* "
(Eyyn = 1.23 V vs. SCE) all redox Ru(I11/II) couples of
the mononuclear complexes 1-4 are shifted to more
negative potentials (Eyy;; = 0.96-0.87 V), in agreement
with an increased electron density around the ruthe-
nium ion caused by the better c-donor properties of the
oxalamidine ligands. Methyl substitution on the
bipyridine ligands pushes the Ru(III/II) couples to
somewhat more negative potentials, consistent with the
results of absorption measurements described before.
Substitution at the oxalamidine does not significantly
affect the oxidation couple. The oxidation potentials
for the two isomers of the dimeric compound 5 differ
only slightly. The oxidation of the dinuclear complexes
results in two one electron single waves, which are
separated by 190 mV for both isomers. Using this value
the comproportionation constant K, ., for 5 was calcu-
lated following the relationship (at 7'=298 K) [22]
K., = exp{AE(mV)/25.69} = 1.63 x 10°

This value points to a substantial electronic interac-
tion between the two metal centres. The oxidation of
the first centre causes an increase in the charge of the
complex and therefore the second oxidation occurs at a
higher potential. In compound 5 the first oxidation
couple occurs at Ey,y; =0.45-0.46 V exhibiting the
strong o-donor capability of the deprotonated bridging
ligand. Thus, the second oxidation occurs at a more
negative potential (Eyy,; = 0.64/0.65 V) than the lowest
of the mononuclear compounds, for which the oxida-
tion potential is found at about 0.90 V. This is most
likely explained by the double negative charge on the
bridging ligand.

4. Conclusions

We have prepared a series of novel mononuclear
complexes of the type [Ru(bpy),(LL)?+ with LL =
H,TPOA, H,TTOA as members of a new class of non
aromatic 1,2-diimine ligands in polypyridyl rutheni-
um(Il) chemistry. The structure of the mononuclear
compounds was elucidated by 'H NMR, FAB MS and
X-ray investigations. The coordination of the Ru(bpy),-
moiety to the 1,2-diimine unit was assured unambigu-
ously by X-ray structure determination of compound
[Ru(bpy),(H,TPOA)](PF,),-4H,O (1). On supramolecu-
lar level, complex 1 forms chainlike structures, whereby
the complex cations are interconnected via their N-H
functions by four ordered water molecules. Surpris-
ingly, the complexes 1-5 do not exhibit any emission
under any condition. The dinuclear compound
{[Ru(bpy),],TPOA}(PF,),2H,O (5) was prepared and
structurally characterised. We succeeded in separating
the two diastereomers by recrystallisation and could
confirm small but significant differences in electronic
spectra.

Finally we propose that since they possess potential
for H-bonding and intercalation by m-stacking with
biological substrates (e.g. DNA), the mononuclear
complexes 1-4 can become valuable building blocks in
supramolecular architectures. Future research efforts
will follow this line.

5. Supplementary material

Further details of the crystal investigations are avail-
able on requests from the Director, Cambridge Crystal-
lographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK, on quoting the depository number
CCDC 13099, the names of the authors, and the jour-
nal citation.
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