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a b s t r a c t

RuII(arene) complexes of the general formula [RuII(g6-p-cymene)(PPh3)(L)Cl]PF6 with L = P- or N-donor
systems have been synthesized and characterized. Carbohydrate-derived phosphites, imidazole or inda-
zole have been chosen as co-ligands and different synthetic routes have been explored to obtain the com-
pounds. The organometallics were characterized by elemental analysis, electrospray ionization mass
spectroscopy, 1H, 13C{1H}, 31P{1H} and 2D NMR spectroscopic methods.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Organometallic compounds based on the RuII(arene) structural
motif have gained increasing importance in recent years and espe-
cially compounds bearing phosphine donor ligands are of interest
for many different applications. The RuII(arene) unit is a very ver-
satile scaffold with regard to its diversity in coordination chemistry
and fine-tunable chemical as well as biological properties [1–6].
This class of compounds has been widely investigated spanning a
broad range of applications from catalysts for organic transforma-
tions [7–10] such as hydrogenation [11,12], free-radical polymeri-
zation [13], hydration of terminal alkynes [14–16], hydration of
nitriles [17,18], and olefin metathesis reactions [19,20] to the life
sciences as metal-based drugs, especially as antimetastatic agents,
kinase inhibitors and anticancer agents [1,3,21,22].

The RuII(arene) moiety bearing the versatile water-soluble phos-
phine 1,3,5-triaza-7-phosphatricyclo[3.3.1.1]decane (PTA), i.e., the
RAPTA family, has exhibited remarkable potential for the develop-
ment of anticancer drugs [23–27]. The best studied representative
RAPTA-C (Fig. 1) has shown excellent antimetastatic activity in
in vivo tests on animal models [24,28,29]. Many additional deriva-
ll rights reserved.
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tives of prototype RAPTA-C have been reported that were equipped
with a diversity of ligand sets to design compounds with particular
modes of action [1,3,23–25,30–32], including some with two P-
donor ligands [25,33]. Some of these derivatives are based on carbo-
hydrate–phosphite ligands, used with the aim to tackle the high de-
mand of rapidly-growing tumors for glucose [34–36]. Such
carbohydrate–RuII(arene) compounds were selectively cytotoxic
for tumorigenic cell lines, and dichlorido(g6-p-cymene)(3,
5,6-bicyclophosphite-1,2-O-cyclohexylidene-a-D-glucofuranoside)
ruthenium(II) (Fig. 1) was found to be more cytotoxic than RAPTA-C
in in vitro assays [34]. The carbohydrate–phosphite coordinated to
the Ru center undergoes partial hydrolysis to ultimately form sev-
eral species. This process can be suppressed by high chloride concen-
trations or by replacing Ru with osmium and chlorido ligands with
dicarboxylates [35,36]. However, the only Ru complexes that have
reached clinical trials contain imidazole (HIm) and indazole (HInd).
The most important examples are the classic RuIII coordination com-
pounds (H2Im)[trans-RuCl4(DMSO)(HIm)], NAMI-A, and (H2Ind)-
[trans-RuCl4(HInd)2], KP1019, both of which are currently
undergoing phase I/IIa clinical trials (Fig. 1). NAMI-A is not active
against primary tumors, however, it exhibits antimetastatic activity
similar to RAPTA compounds [37,38]. In contrast to NAMI-A, KP1019
is active against primary tumors and especially against in vivo
models bearing colorectal tumors [39,40]. Similarly, imidazole-
and indazole-based ligands were used in innovative bioorganome-
tallic approaches to attach biologically active ligand systems to the
RuII(arene) scaffold, for example via imidazole-based linkers. While

http://dx.doi.org/10.1016/j.ica.2011.10.007
mailto:alexey.nazarov@epfl.ch
mailto:christian.hartinger@ univie.ac.at
mailto:christian.hartinger@ univie.ac.at
http://dx.doi.org/10.1016/j.ica.2011.10.007
http://www.sciencedirect.com/science/journal/00201693
http://www.elsevier.com/locate/ica


Fig. 1. Chemical structures of biologically active Ru complexes with N- and P-donor
ligands.
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compounds with the general formulae [RuII(g6-arene)Cl2(L)],
[RuII(g6-arene)Cl(L)2]X, and [RuII(g6-arene)(L)3]X2 (g6-
arene = benzene, p-cymene; L = imidazole, benzimidazole, N-meth-
ylimidazole, N-butylimidazole, N-vinylimidazole, N-benzoylimi-
dazole; X = Cl, BF4, BPh4) did not exhibit significant in vitro
anticancer activity [41], some derivatives with modified anthra-
cene-based multidrug resistance (MDR) modulators were efficient
Pgp inhibitors and active in anticancer screening assays [42].

In this paper, we present the preparation of a series of RuII(arene)
complexes of the general formula [RuII(g6-p-cymene)(PPh3)
(L)Cl]PF6 with carbohydrate-derived phosphites, imidazole or inda-
zole co-ligands with potential biological activity.
2. Experimental

2.1. Materials

All reactions were carried out in dry solvents under an inert
atmosphere. All chemicals were obtained from commercial suppli-
ers in analytical grade and used as received. The Ru complexes
bis[dichlorido(g6-p-cymene)ruthenium(II)] 1 [43], [dichlorido(g6-
p-cymene)(triphenylphosphine)ruthenium(II)] 2 [24], [dichlori-
do(3,5,6-bicyclophosphite-1,2-O-isopropylidene-a-D-glucofurano-
side)(g6-p-cymene)ruthenium(II)] 3, [dichlorido(3,5,6-bicyclop-
hosphite-1,2-O-cyclohexylidene-a-D-glucofuranoside)(g6-p-cym-
ene) ruthenium(II)] 4 [34] and [RuII(g6-p-cymene)(PPh3) (CH3CN)
Cl]PF6 7 [44], and the ligands 3,5,6-bicyclophosphite-1,2-O-isopro-
pylidene-a-D-glucofuranoside I and 3,5,6-bicyclophosphite-1,2-O-
cyclohexylidene-a-D-glucofuranoside II [45] were synthesized
according to literature procedures. 1H, 13C{1H} and 31P{1H} NMR
spectra were recorded at 25 �C on a Bruker FT NMR spectrometer
Avance III 500 MHz at 500.10 (1H), 125.75 (13C{1H}) and
202.44 MHz (31P{1H}) or on a Bruker DPX 400 MHz at 400.13 (1H),
100.63 (13C{1H}) and 161.98 MHz (31P{1H}) and the 2D NMR spectra
were collected in a gradient-enhanced mode. Melting points were
measured on a Büchi B-540 apparatus and are uncorrected. Elemen-
tal analysis was determined by the Laboratory for Elemental Anal-
ysis, Faculty of Chemistry, University of Vienna, on a Perkin-Elmer
2400 CHN Elemental Analyzer. Electrospray ionization mass spec-
tra were recorded on a Bruker esquire3000.
2.1.1. [Chlorido(3,5,6-bicyclophosphite-1,2-O-isopropylidene-a-D-
glucofuranoside)(g6-p-cymene)(triphenylphosphine)ruthenium(II)]
hexafluorophosphate 5

A solution of [RuII(g6-p-cymene)(PPh3)(CH3CN)Cl]PF6 (144 mg,
0.2 mmol) and 3,5,6-bicyclophosphite-1,2-O-isopropylidene-a-D-
glucofuranoside (50 mg, 0.2 mmol) in CH2Cl2 (15 mL) was stirred
for 2 h at room temperature. The solvent was reduced to about
3–5 mL and the product was precipitated by addition of pentane
(20–25 mL). The orange yellow powder was filtered, washed with
pentane (2� 5 mL) and dried under vacuum.

Yield: 176 mg (95%), m.p. 177–178 �C (decomp.). Elemental
analysis, Anal. Calc. for C37H42O6P3F6ClRu: C, 47.98; H, 4.57. Found:
C, 47.69; H, 4.36%. MS (ESI+): m/z 781.4 [M�PF6]+.

1H NMR (500.10 MHz, CDCl3, 25 �C): d = 7.64–7.45 (m, 30H, Ha,-

b
Ar), 6.18 (d, J = 6.3 Hz, 1H, Hb

Ar), 6.13 (d, J = 6.0 Hz, 1H, Hb
Ar), 6.09

(d, J = 6.0 Hz, 1H, Ha
Ar), 6.06 (d, J = 6.5 Hz, 1H, Ha

Ar), 5.97 (tr,
J = 3.8 Hz, 2H, Ha,b-1), 5.80 (d, J = 6.3 Hz, 2H, Ha,b

Ar), 5.45 (d,
J = 6.3 Hz, 1H, Hb

Ar), 5.28 (d, J = 6.3 Hz, 1H, Ha
Ar), 4.98–4.89 (m,

2H, Ha,b-5), 4.58 (d, J = 3.5 Hz, 1H, Hb-2), 4.49 (d, J = 2.2 Hz, 1H,
Ha-3), 4.43 (d, J = 1.9 Hz, 1H, Hb-3), 4.42 (d, J = 3.5 Hz, 1H, Ha-2),
4.24 (tr, J = 9.8 Hz, 1H, Ha-6), 4.20–4.14 (m, 3H, Ha,b-4, Hb-6), 3.71
(m, 1H, Ha-60), 3.40 (m, 1H, Hb-60), 2.81 (m, 1H, CHa), 2.73 (m,
1H, CHb), 1.94 (s, 3H, CH3

b), 1.86 (s, 3H, CH3
a), 1.46 (s, 6H, CH3

a,b),
1.33 (s, 6H, CH3

a,b), 1.27–1.25 (m, 12H, CH3
a,b) ppm. 31P{1H} NMR

(202.44 MHz, CDCl3, 25 �C): d = 144.7 (d, J = 87 Hz, sugar–Pb),
144.4 (d, J = 89 Hz, sugar–Pa), 32.7 (d, J = 89 Hz, PPh3

b), 32.5 (d,
J = 89 Hz, PPh3

a), �144.3 (septet, PF6) ppm.
The diastereomer 5a crystallized at 4 �C from saturated chloro-

form solution within 72 h. The yellow crystals were filtered,
washed with diethylether and dried under vacuum.

1H NMR (400.13 MHz, CDCl3, 25 �C): d = 7.68–7.46 (m, 15H, HAr),
6.07 (m, 2H, HAr), 6.00 (d, J = 3.4 Hz, 1H, H-1), 5.95 (d, J = 6.0 Hz, 1H,
HAr), 5.46 (d, J = 6.0 Hz, 1H, HAr), 4.94 (m, 1H, H-5), 4.51 (s, 1H, H-3),
4.43 (d, J = 3.4 Hz, 1H, H-2), 4.23 (tr, J = 9.8 Hz, 1H, H-6), 4.16 (d,
J = 2.0 Hz,1H, H-4), 3.80 (m, 1H, H-60), 2.86 (m, 1H, CH), 1.82 (s, 3H,
CH3), 1.46 (s, 3H, CH3), 1.34 (s, 3H, CH3), 1.30–1.24 (m, 6 H,
CH3) ppm. 31P{1H} NMR (161.98 MHz, CDCl3, 25 �C): d = 144.7
(d, J = 88 Hz, sugar–P), 32.9 (d, J = 88 Hz, PPh3), �144.2 (septet, PF6)
ppm.

2.1.2. [Chlorido(3,5,6-bicyclophosphite-1,2-O-cyclohexylidene-a-D-
glucofuranoside)(g6-p-cymene)(triphenylphosphine)ruthenium(II)]
hexafluorophosphate 6

A solution of [RuII(g6-p-cymene)(PPh3)(CH3CN)Cl]PF6 (144 mg,
0.2 mmol) and 3,5,6-bicyclophosphite-1,2-O-cyclohexylidene-a-D-
glucofuranoside (58 mg, 0.2 mmol) in CH2Cl2 (15 mL) was stirred
for 2 h at room temperature. The solvent was reduced to about
3–5 mL and the product was precipitated by addition of pentane
(20–25 mL). The orange yellow powder was filtered, washed with
pentane (2� 5 mL) and dried under vacuum.

Yield: 185 mg (96%), m.p. 178–180 �C (decomp.). Elemental
analysis, Anal. Calc. for C40H46O6P3F6ClRu: C, 49.72; H, 4.80. Found:
C, 49.44; H, 4.53%. MS (ESI+): m/z 821.5 [M�PF6]+.

1H NMR (500.10 MHz, CDCl3, 25 �C): d = 7.64–7.45 (m, 30H, Ha,-

b
Ar), 6.17 (d, J = 6.0 Hz, 1H, Ha

Ar), 6.10 (m, 2H, Ha,b
Ar), 6.00 (d,

J = 6.3 Hz, 1H, Hb
Ar), 5.96 (tr, J = 3.8 Hz, 2H, Ha,b-1), 5.79 (m, 2H, Ha,-

b
Ar), 5.46 (d, J = 6.6 Hz, 1H, Ha

Ar), 5.31 (d, J = 6.3 Hz, 1H, Hb
Ar), 4.97–

4.87 (m, 2H, Ha,b-5), 4.55 (d, J = 3.5 Hz, 1H, Ha-2), 4.50 (d, J = 2.5 Hz,
1H, Hb-3), 4.45 (d, J = 2.2 Hz, 1H, Ha-3), 4.39 (d, J = 3.9 Hz, 1H, Hb-
2), 4.24 (tr, J = 9.8 Hz, 1H, Hb-6), 4.20–4.13 (m, 3H, Ha,b-4, Ha-6),
3.71 (m, 1H, Hb-60), 3.42 (m, 1H, Ha-60), 2.79 (m, 1H, CHb), 2.71
(m, 1H, CHa), 1.92 (s, 3H, CH3

a), 1.84 (s, 3H, CH3
b), 1.69–1.49 (m,

16H, CH2
a,b), 1.43–1.35 (m, 4H, CH2

a,b), 1.25–1.20 (m, 12H, CH3
a,b)

ppm. 31P{1H} NMR (202.44 MHz, CDCl3, 25 �C): d = 144.6 (d,
J = 87 Hz, sugar–P), 144.5 (d, J = 87 Hz, sugar–P), 32.3 (d,
J = 89 Hz, PPh3), 32.4 (d, J = 87 Hz, PPh3), �144.3 (septet, PF6) ppm.
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2.1.3. [Chlorido(g6-p-cymene)(1H-indazole)(triphenylphosphine)
ruthenium(II)] hexafluorophosphate 8

A solution of indazole (26 mg, 0.22 mmol) in CH2Cl2 (10 mL)
was added to a solution of [RuII(g6-p-cymene)(PPh3)(CH3CN)Cl]PF6

(144 mg, 0.2 mmol) in CH2Cl2 (10 mL) and stirred for 2 h at room
temperature. The solvent was evaporated, the residue was dis-
solved in CH2Cl2 (3–5 mL) and the product was precipitated by
addition of pentane (20–25 mL). The orange yellow powder was fil-
tered, washed with pentane (2� 5 mL) and dried under vacuum.

Yield: 150 mg (94%), m.p. 235 �C (decomp.). Elemental analysis,
Anal. Calc. for C35H35N2P2F6ClRu: C, 52.80; H, 4.43; N, 3.52. Found:
C, 53.02; H, 4.39; N, 3.24%. MS (ESI+): m/z 651.2 [M�PF6]+.

1H NMR (500.10 MHz, CDCl3, 25 �C): d = 11.18 (s, 1H, NHind),
8.71 (s, 1H, Hind), 7.76 (d, J = 8.2 Hz, 1H, H–Arind), 7.30–7.37 (m,
15H, PPh3), 7.11–7.16 (m, 2H, H–Arind), 6.32 (d, J = 5.5 Hz, 1H, H–
Ar), 6.09 (d, J = 6.0 Hz, 1H, H–Ar), 5.48 (d, J = 6.0 Hz, 1H, H–Ar),
5.23 (d, J = 6.1 Hz, 1H, H–Ar), 2.43–2.49 (m, 1H, CH(CH3)2), 1.70
(s, 3H, CH3), 1.11 (d, J = 6.9 Hz, 3H, CH(CH3)2), 1.06 (d, J = 6.9 Hz,
3H, CH(CH3)2) ppm. 13C{1H} NMR (125.75 MHz, CDCl3, 25 �C):
d = 143.1 (Cind), 139.7 (Cind), 134.2 (d, J = 9.1 Hz, C–Ar), 131.3 (C–
Ar), 129.0 (d, J = 49.0 Hz, C–Ar), 128.7 (C–Ar), 128.4 (d,
J = 10.0 Hz, C–Ar), 123.9 (C–Ar), 122.2 (C–Ar), 121.3 (C–Ar), 115.4
(d, J = 8.2 Hz, C–Ar), 108.9 (C–Ar), 104.1 (C–Ar), 95.8 (d, J = 6.4 Hz,
C–Ar), 89.9 (C–Ar), 88.3 (C–Ar), 83.2 (C–Ar), 31.1 (CH(CH3)2), 23.1
(CH(CH3)2), 20.9 (CH(CH3)2), 18.3 (CH3) ppm. 31P{1H} NMR
(202.44 MHz, CDCl3, 25 �C): d = 36.4 (s, PPh3), �144.1 (septet,
PF6) ppm.
Scheme 1. Synthetic strategy to heteroleptic Ru complexes by direct substitution of
a chloride by a second P-based ligand.
2.1.4. [Chlorido(g6-p-cymene)(imidazole)(triphenylphosphine)
ruthenium(II)] hexafluorophosphate 9

A solution of imidazole (15 mg, 0.22 mmol) in CH2Cl2 (10 mL)
was added to a solution of [RuII(g6-p-cymene)(PPh3)(CH3CN)Cl]PF6

(144 mg, 0.2 mmol) in CH2Cl2 (10 mL) and stirred for 2 h at room
temperature. The solvent was removed, the residue was dissolved
in CH2Cl2 (3–5 mL) and the product was precipitated by addition of
pentane (20–25 mL). The orange yellow powder was filtered,
washed with pentane (2� 5 mL) and dried under vacuum.

Yield: 147 mg (99%), m.p. 138 �C (decomp.). Elemental analysis,
Anal. Calc. for C31H33N2P2F6ClRu: C, 49.91; H, 4.46; N, 3.75. Found:
C, 50.12; H, 4.31; N, 3.47%. MS (ESI+): m/z 601.3 [M�PF6]+.

1H NMR (500.10 MHz, CD3OD, 25 �C): d = 7.86 (s, 1H, Him), 7.50–
7.53 (m, 3H, PPh3), 7.40–7.42 (m, 12H, PPh3), 7.25 (t, J = 1.4 Hz, 1H,
Him), 7.08 (d, J = 0.8 Hz, 1H, Him), 6.97 (d, J = 1.6 Hz, 1H, Him), 6.02
(dd, J = 6.1 Hz, J = 1.1 Hz, H–Ar), 5.80 (dd, J = 6.1 Hz, J = 1.4 Hz, 1H,
H–Ar), 5.68 (d, J = 6.0 Hz, 1H, H–Ar), 5.15 (d, J = 6.1 Hz, 1H, H–Ar),
2.33–2.38 (m, 1H, CH(CH3)2), 1.75 (s, 3H, CH3), 1.15 (d, J = 7.0 Hz,
3H, CH(CH3)2), 1.11 (d, J = 7.0 Hz, 3H, CH(CH3)2). 13C{1H} NMR
(125.75 MHz, CD3OD, 25 �C): d = 134.1 (d, J = 10.0 Hz, Cim), 132.2
(C–Ar), 130.7 (d, J = 2.6 Hz, Cim), 130.6 (d, J = 47.2 Hz, C–Ar), 128.1
(d, J = 10.0 Hz, Cim), 117.7 (C–Ar), 113.4 (d, J = 6.4 Hz, C–Ar), 102.6
(C–Ar), 93.2 (d, J = 6.4 Hz, C–Ar), 88.1 (C–Ar), 88.0 (C–Ar), 87.9
(C–Ar), 86.8 (C–Ar), 30.7 (CH(CH3)2), 21.7 (CH(CH3)2), 20.0
(CH(CH3)2), 16.8 (CH3) ppm. 31P{1H} NMR (202.44 MHz, CD3OD,
25 �C): d = 35.8 (s, PPh3), �144.5 (septet, PF6) ppm.
Scheme 2. Synthetic scheme for the preparation of 5, 6, 8, and 9 from precursor 7
(L = I, II, indazole or imidazole, respectively).
3. Results and discussion

3.1. Synthesis and characterization

Within our quest for new derivatives of the RAPTA family, we
have prepared a series of heteroleptic RuII(arene) compounds, bear-
ing both P,P- and P,N-donor systems. Such bis-phosphine RuII(arene)
organometallics have been studied as catalysts and structure–activ-
ity correlations have been established [45–52]. Furthermore, analo-
gous [RuII(arene)(L)(PPh3)Cl] complexes with sugar–phosphite,
imidazole and indazole as co-ligands were prepared. Several strate-
gies were pursued to prepare such heteroleptic compounds. Direct
substitution of one chloride of [RuII(g6-p-cymene)(P-ligand)Cl2]
(P-ligand = PPh3 or carbohydrate–phosphite) by either triphenyl-
phosphine or a carbohydrate–phosphite to yield 5 and 6 was not suc-
cessful in aprotic solvents, such as dichloromethane and chloroform
(Scheme 1). Instead of substitution of a chloride, a mixture of com-
pounds containing the starting material, the desired products and
P-ligand exchange products were obtained at elevated temperature
and prolonged reaction time. The same reaction in protic solvent sys-
tems like methanol and at low temperature was also not successful
and resulted in degradation of the sugar–phosphite at elevated tem-
perature (50–60 �C).

In another attempt, [RuII(g6-p-cymene)(acetonitrile)(P-li-
gand)Cl]+ was selected as a precursor to replace the more labile ace-
tonitrile by another P-based ligand, following a strategy reported
earlier (Scheme 2) [44]. This approach was successful and heterolep-
tic organometallic compounds of the general formula [RuII(g6-p-
cymene)(Ph3P)(sugar–P)Cl]PF6 5 (sugar–P = 3,5,6-bicyclophosph-
ite-1,2-O-isopropylidene-a-D-glucofuranoside) and 6 (sugar–
P = 3,5,6-bicyclophosphite-1,2-O-cyclohexylidene-a-D-glucofurano
side) were synthesized in CH2Cl2 in very good yield under mild
conditions (Scheme 2). Both complexes were characterized by 1D



Fig. 2. 31P{1H} NMR spectrum of 5. The insets show zooms into the relevant regions
of the spectrum for compounds 5 (top) and 5a (bottom), indicating the isolation of a
single diastereomer from the diastereomeric mixture. The slight shift of the signal
at 33 ppm (and of the PF6

�; data not shown) is related to recording the data at two
different instruments, however, the coupling constant is equal (J � 88 Hz).

Fig. 3. 1H,1H-COSY NMR spectrum of the diastereomeric mixture of 5, overlaid with
the signals assigned to diastereomer 5a.
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and 2D NMR spectroscopy, ESI-MS and elemental analysis. The elec-
trospray ionization mass spectra (ESI-MS) of 5 and 6 display the ex-
pected ions and isotopic abundances at m/z 781.4 for 5 and m/z 821.5
for 6. Compounds 5 and 6 are present as a mixture of diastereomers
as confirmed by 31P{1H} NMR spectroscopy data. Two sets of signals
(two doublets each) are found for the diastereomeric mixtures of 5
and 6 at ca. 32 (PPh3) and 144 ppm (sugar–P) with a 2JP–Ru–P coupling
constant of 87 Hz, corroborating the coordination of both phospho-
rous ligands to the Ru center (Fig. 2). Further indication for the pres-
ence of different phosphorus-based co-ligands at the Ru center is a
low field-shift of the signal assignable to the phosphite from 144
to 130 ppm accompanied by a change in multiplicity from singlet
to doublet [34].

In order to separate the diastereomers, a saturated solution of 5
in chloroform was prepared and allowed to crystallize at 4 �C
(72 h). This resulted in yellow crystals of 5a which were character-
ized by 1H and 31P{1H} NMR spectroscopy. The 1H NMR spectra
(Fig. 3) contained only a single set of signals, as compared to two
sets for diastereomeric 5, and a similar observation was made in
the 31P{1H} NMR spectra (Fig. 2). Based on these data sets we con-
clude that we isolated the single diastereomer 5a, however, the ex-
act configuration remains elusive.

Compounds 8 and 9 were prepared following a similar proce-
dure by using indazole and imidazole instead of the phosphite–car-
bohydrate moiety (Scheme 2). Three tautomeric forms for indazole
are known and coordination to metal ions via N1 or N2 have been
recently documented by X-ray diffraction and NMR spectroscopy
[53], with binding to N2 being the most frequent coordination
mode. Complexes 8 and 9 were characterized by standard analyti-
cal methods as described above. A notable feature is a coupling be-
tween the P atom and the C atoms of PPh3, indazole and imidazole
ligands. In contrast to the carbohydrate bearing complexes 5 and 6,
8 and 9 can only be present as enantiomers but not as diastereo-
mers. However, a dynamic equilibrium causes inversion of the ste-
reocenter and does not allow separation of the two components
[54]. Therefore, the 31P{1H} NMR spectra for both compounds con-
tained only a singlet at approximately 36 ppm for triphenylphos-
phine and a septet at �144 ppm assignable to PF6

�.
4. Conclusions

RuII(arene) complexes bearing ligands with P- or N-donor atoms
have potential in both metallodrug research and as catalysts. In an
attempt to prepare compounds bearing heteroleptic P,P- or P,N-li-
gand systems, we have synthesized a series of organometallic com-
pounds based on the RuII(g6-p-cymene)(PPh3) fragment bearing
sugar-derived phosphites, imidazole and indazole co-ligands and
characterized them by standard analytical methods. A synthetic
route via the acetonitrile-containing intermediate [RuII(g6-p-cym-
ene)(CH3CN)(PPh3)Cl]+ has proven to provide access to such com-
pounds, whereas the direct replacement of a chlorido ligand in
[RuII(g6-p-cymene)(P-ligand)Cl2] was not successful. The com-
plexes based on chiral phosphite-modified sugars give rise of dia-
stereomers upon coordination to the Ru center. We were
successful in isolating one of the diastereomers by crystallization
from chloroform, as shown by 1H and 31P{1H} NMR spectroscopy.
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