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Abstract -The  synthesis of a series o fRu n complexes with the thioether ligand [9]arieS3 and various polypyridyl 
ligands was carried out using [Ru(dmso)4Clz] as a starting material. The first synthetic step involved the 
introduction of the thioether ligand and the isolation of the compound [Ru([9]aneSd(dmso)Cl2]. The poly- 
pyridyl ligands were then exchanged to give a series of complexes [Ru([9]aneS3)(X)(Cl] + (X = 1,10-phen- 
anthroline (phen), 2,2'-bipyridyl (bpy), 4,4'-diphenyl-2,2',-bipyridyl (dbp) and 4,7'-diphenyl-I,10- 
phenanthroline (dip)). These complexes were characterised by NMR and UV spectra. The complexes with 
X = phen and bpy were crystallised and single crystal X-ray diffraction studies carried out. Distorted octahedral 
coordination geometry was observed for both complexes. The equatorial planes are formed by two macrocyclic 
sulfur donor atoms and two nitrogen atoms from polypyridyl ligands (bpy or phen). The hexa-co-ordination 
is achieved via a chlorine and the remaining sulfur, macrocyclic atom. The [9]aneS3 macrocyclic ligand adopts 
a [333] facial arrangement. The results from NMR studies for [Ru([9]aneS3)(phen)C1] + and [Ru([9]aneS0 
(bpy)CI] + indicate that both complexes exist as two forms in solution with Cs symmetry consistent with a [333] 
facial arrangement. Copyright (c) 1996 Elsevier Science Ltd 

Kevwords:  Ru": [9]aneS~ complexes ; polypyridyl ligands ; crystal structures : NMR. 

The interaction of ruthenium based compounds with 
DNA has seen much work over the last five years. 
Ruthenium polypyridyl complexes have been exten- 
sively studied following the work of Barton et al. [1] 
where the interaction of the two isomers of [Ru(1,10- 
phenanthroline)2Cl:] with B-DNA was explored. 
These studies [1- 12] have found that there are a num- 
ber of possible modes of interaction of Ru complexes 
with DNA, these include: intercalation, whereby the 
polypyridyl ligand is inserted (fully or partially) 
between the stacked bases of the DNA double helix. 
surface binding, within one of the DNA grooves, and 
covalent binding where ligands in the Ru complex are 

* Authors to whom correspondence should be addressed. 

replaced by heteroatoms of the DNA bases (normally 
the nitrogen of guanine) [2]. Spectroscopic studies 
have proved to be especially useful in probing the 
interactions between the Ru complexes and DNA. 

Following the work of Rosenberg et al. [13] in 1969 
with cis-platin the search to find similar anti-tumor 
agents has been ceaseless. In the last few years, fol- 
lowing the studies of Barton et al. a number of possible 
compounds of Ru have been discovered: Alessio et 
al. [14] found that t rans-[Ru(dmso)4Cl2]  showed 
promising anti-tumor activity with adjacent guanines 
being the preferred interaction site on DNA while 
Keppler et al. [15] Carried out an extensive study 
of various Ru complexes finding that [Ru(Im):CI4] 
(ImH) and [Ru(Ind):Cl4](IndH), where hn = imi- 
dazole and Ind = indazole, show anti-tumor activity. 
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These in vitro studies of Ru complexes have shown 
that the number and type ofpolypyridyl,  and ancillary 
ligands have a profound effect on the manner and type 
of interaction with biomolecules. Factors such as the 
ability of the ligands to form H-bonds or favourable 
VDW interactions with the functional groups of the 
DNA bases have been found to play a determining 
role in binding. A first step in the design of Ru com- 
plexes with selective DNA binding characteristics is 
the choice of a suitable ligand followed by the struc- 
tural characterisation of the complex. 

The use of macrocyclic polyamines and poly- 
thioethers in transition metal chemistry has been con- 
siderable as these ligands are thermodynamically and 
kinetically inert and also have the ability to stabilise 
unusual oxidation states (e.g. Rh") [16]. Krotz et al. 

[17] synthesised a series of Rh lu complexes with cyclic 
polyamines or [12]aneS4 and a 9,10-diamino- 
phenanthrene ligand in order to probe specific 
binding interactions to DNA. A systematic variation 
of thioether-polypyridyl ligands complexed to Ru" 
would allow conclusions to be drawn as to the struc- 
tural characteristics of these compounds and the role 
these play in DNA binding,the goal being the design of 
a complex with specific DNA binding characteristics. 
The first step in this process is, therefore, the synthesis 
and characterisation of the Ru u based complexes fol- 
lowed by the determination of their three dimensional 
structure. 

In this paper the synthesis (from [Ru(dmso)4C12]) 
of a number of [Ru([9]aneS3)(X)C1] complexes 
(X = 1,10-phenanthroline (phen), 2,2'-bipyridyl 
(bpy), 4,4'-diphenyl-2,2'-bipyridyl (dbp) and 4,7'- 
diphenyl-l,10-phenanthroline (dip)) is reported along 
with their spectroscopic characterisation. The struc- 
tures of [Ru([9]aneS3)(l,10-phenanthroline)C1] + and 
[Ru([9]aneS3)(2,2'-bipyridyl)Cl] + are compared in 
solution by N M R  and in the solid state by X-ray 
crystallography. 

[9]arieS 3 

9 

2 [ ~  10b~4A ~ J  ~'/7 xR 
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phen R = H  
dip R = Ph 
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R/4" 3 3' R ~ 

Scheme 1. 

bpy R = H 
dbp R = Ph 

RESULTS AND DISCUSSION 

The NMR characterisation of these complexes in 
solution show a number of interesting aspects. Com- 
pounds 1 and 2 seem to exist in solution in 2 forms. 
The ~H spectrum for the aromatic region of complex 
1 is shown in Fig. 1. In a symmetric complex with 
C2~ symmetry a 1,10-phenanthroline ligand would be 
expected to have 4 groups of resonances from the 
protons at positions ; 9/2, 8/3, 7/4 and 6/5 (see diagram 
1). Complex 1 shows 8 groups of peaks suggesting 
that 2 forms exist in solution in the ratio 3 : 1. The 
peaks at 9.19(d, 5.2 Hz), 8.30(d, 8.2 Hz), 7.72(d of d, 
8.4 and 5.2 Hz) and 7.62(s) ppm are from the 9/2, 7/4, 
8/3 and 6/5 protons of the major form. The minor 
form has peaks at 9.34 (d, 5.2 Hz), 8.58(d, 8.3 Hz), 
7.99(s) and 7.86(d of d, 8.2 and 5.2 Hz) ppm. The 
peaks from the macrocyclic ring are second order, 
therefore it is difficult to determine whether there are 
2 sets of peaks for the thioether ligand. The ~3C spectra 
for the aromatic region and the macrocyclic region for 
complex 1 are shown in Figs 2a and 2b. The aromatic 
region shows 6 sets of peaks for the major form ; 152.8 
(C9/C2), 146.9 (Cl0a/Cl0b),  137.2 (C7/C4), 130.2 
(C4a/C6a), 127.1 and 125.5 (C8/C3 or C6/C5) ppm. 
The minor form has peaks at; 153.6 (C9/C2), 147.4 
(C10a/C10b), 138.3 (C7/C4), 130.6 (C4a/C6a), 127.5 
and 125.8 (C8/C3 or C6/C5) ppm. The t3C peaks of 
the thioether ligand also show 2 forms. The major 
form has peaks at 34.1, 32.1 and 31.3 ppm and the 
minor at 33.6, 31.6 and 31.1 ppm. Again the ratio is 
around 3:1. It is clear from the ~3C data that the 
complex has 2 forms in solution and that the thioether 
ligand has 2 sets of peaks. A 2D NOESY spectrum of 
complex 1 was recorded to check the assignment and 
through space connectivities for the 2 forms. Cross 
peaks were observed between the thioether protons 
and the H-9/H-2 proton on the phenanthroline ring 
for both forms indicating the minor set of peaks arise 
from a complexed form of phenanthroline and not 
from the free ligand. 

The NMR data for complex 2 also suggests two 
forms in solution. The ~H spectrum of the aromatic 
region for complex 2 is shown in Fig. 3. Resonances 
at 9.01(d, 5.6 Hz) (H-6/6'), 8.38(d, 8.1 Hz) (H-4/4'), 
8.06(m) (H-5/5') and 7.56(m) (H-3/3') ppm are from 
the major form. The minor form has peaks at 9.11 (d, 
5.6 Hz), 8.47(d, 8.2 Hz), 8.17(m) and 7.66(m) ppm. 
The ratio between the forms is 3 : 1. The t~C spectrum 
of complex 2 is shown in Fig. 4. The aromatic peaks 
for the major form are at 156.4 (C2/2'), 152.8 (C6/6'), 
138.4 (C4/4'), 127.2 (C5/5') and 123.6 (C3/3') ppm. 
The minor form has peaks at 156.9, 153.3, 139.3, 127.5 
and 123.8 ppm. The thioether ligand for complex 2 
has peaks at 34.3, 32.1 and 31.1 ppm for the major 
form and at 33.8, 31.7 and 31.3 ppm for the minor 
form. 

The fact that two sets of resonances are seen for the 
polypyridyl and thioether ligands in complexes ! and 
2 in solution is most probably a result of the thioether 
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Fig. 1. The aromatic region of the ' H spectrum of complex I in DeO at 303 K. 

Table 1. Selected bond lengths (,~), angles and endocyclic 
torsion anglers ( ) for complexes i and 2 

Complex 1 2 

Ru( 1 )--N( I ) 2.091 (5) 2.099(6) 
Ru( 1 )--N (2) 2.087(5) 2.11215) 
Ru(l l--S(l) 2.291 (2) 2320(2) 
Ru( 1 )--S121 2.284(2) 2.316(2) 
Ru( 1 )--S131 2.272(2) 2.287(2) 
Ru(l/--CI 2.438(2) 2.476(2) 
N (2)--Ru( I)--N (1) 78.8(2) 78.0(2) 
N( 1 )--Ru( 1)--S( 1 ) 174.4( 1 ) 175.7(2) 
N (2)--R u( I)---S( 1 ) 96.4( 1 ) 97.8(2) 
N(1 )--Ru(1)---S(2) 96.8(11 96.5(2) 
N(2)--R u( 1 )--S(21 174.8( 1 ) 174.3(2) 
N ( 1 )--Ru( 1 )--S131 94.6( 1 ) 92.7(2) 
N (2)--Ru(I)--S13) 94.6( 1 ) 90.2(2) 
N( 1 )---Ru( I )--CI 86.2( 1 ) 88.4(2) 
N (2)--Rat I )--CI 86.7( I ) 90.2(2) 
S( I)--Ru( I)--C1 90.8(1) 90.50(8) 
S(2)--Ru( 1 )--CI 90.2(1 ) 91.24(7) 
S(3)--Rn( I )--CI 178.6( 1 ) 178.8(1 ) 
S(2)--Ru( I )--S(I ) 87.9( 1 ) 87.7( I ) 
S(3)--Ru( 1 )--S( 1 ) 88.5( 1 ) 88.4(1) 
S(3)--Ru(I)--S(2) 88.5(11 88.6(11 
S(31---C(5)--C(6)--S(1 ) -46.0(7) -46.9(8) 
C(5)--C(6)--S(l)--C(I) 135.5(5) 135.2(7) 
C 1 6 1 - - S ( I ) - - - C ( 1 ) - - C ( 2 )  66.6(6) -68.6(8) 
SI 1 )--C(I)--C(2)--S(2) -44.7(7) -43.5(9) 
C(1 )--C12)--S(2)--C(3) 132.1(6) 130.8(8) 
C(2)--S(21--C(3)--C14) - 72,816) 70.4(7) 
S(2)--C(3)--C(4).--S(3) -41.4(8) -45.0(9) 
C(3)--C(4)--S(3)--C(5) 130.6(61 134.1(8) 
C14)--S13)--C(5)---C(6) -68.9(6) -66.1(7) 

ring having 2 different conformations in solution when 
complexed. As only three ~C peaks are seen for the 
[9]aneS) ligand for each form (Fig. 2b) the ligand must 
adopt conformations where a plane of symmetry runs 
through the Ru, CI and one sulfur atom and bisects 
the angle N - - R u - - N  for the polypyridyl ligand. 
Therefore both forms must have Cs symmetry'. 

The single crystal X-ray diffraction studies of com- 
plexes [Ru([9]aneS3)(phen)C1]Cl'3H,O and [Ru([9] 
aneS0 (bpy)C1]Cl'3H~O indicate hexa-coordination 
for the Ru centres. Molecular diagrams with cor- 
responding atomic labelling schemes are shown in 
Figs 5 and 6 for cations [Ru([9]aneS3)(phen)Cl] ' and 
[Ru([9]aneS3)(bpy)Cl] ~, respectively. The selected 
bond lengths, angles and endocyclic torsion angles are 
listed in Table 1. The structural parameters associated 
with the Ru coordination spheres show distorted octa- 
hedral geometry for both complex cations. The equa- 
torial planes are formed by two macrocyclic sulfur 
donor atoms and two nitrogen atoms IYom poly- 
pyridyl ligands (bpy or phen). The hexa-coordination 
is achieved L, ia a chlorine and the remaining sulfur 
macrocyclic atom. 

In complex 1, the axial R u - - S  bond length 
[Ru--S(3)  = 2.272(2) A] is shorter than equatorial 
bond lengths [Ru- -S (1 )=2 .291 (2 )  and Ru--S(2)  
= 2.284(2) /k]. A more pronounced differential t r a n s  

influence is observed for complex 2, where the 
Ru--S(3)  bond length is 2.287(2) and the Ru--S(2)  
and Ru--S(1)  bonds are 2.316(21 and 2,320(2) A 
respectively. These facts suggest that in addition to a 
¢r-trans effect, the competitive 7r acceptance of poly- 
pyridyl ligands plays an important  role in determining 
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(a) 
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(b) 
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Fig. 2. (a) The aromatic region of the L3C spectrum in D20 at 303 K of complex 1. (b) The aliphatic region of the ~3C 
spectrum of complex 1. 

the R u - - S  bond lengths. The average bond lengths 
R u - - N  2.089(2) 1 and 2.106(2) 2 are similar to those 
observed for the octahedral complex [Ru(NCMe)3 
([9]aneS3)] 2+ 2.065(5)/~ [18]. 

The angles in the equatorial plane involving the 
nitrogen atoms and metal centre differ from ideal octa- 
hedral values due to the small bite-angles of phen and 
bpy (78.8(2) and 78.0(2) ° respectively). These values 
are similar to those seen for the octahedral complexes 
[Ru([12]aneS4)(phen)] 2+ 79.5(4) and [Ru([12]aneS4) 
(bpy)] 2+ 77.7(4) [19]. The remaining angles around 
the ruthenium atom in both cation complexes are very 
close to ideal octahedral values. 

The conformation of any macrocyclic ligand can be 
described by a set of endocyclic torsion angles using 
an extended Dale nomenclature [20]. For example, 
the [9]aneS3 macrocycle in complex cations 1 and 2 
have values of the S - - C - - C - - S ,  C - - S - - C - - C  and 
C - - C - - S - - C  torsion angles (listed in Table 1) which 
lead to a [333] conformation in the Dale nomencla- 
ture. This conformation has been found for many 
transition metal complexes characterised by X-ray 
diffraction where the [9]aneS3 ligand adopts a facial 
arrangement [21]. The free [9laneS3 ligand also 
adopts, in the solid state, this conformation [22]. A 
molecular dynamics and mechanics study, in the gas 
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Fig. 3. The aromatic region of the ~H spectrum of complex 2 in D,O at 303 K. 

~ -  [ 
ppm ! 55 i~o 45 4o 

Fig. 4. The ~3C spectrum, of the aromatic region of complex 2. 

45 40 l~s - ~  

phase [23], gave 13 conformations with energies rang- 
ing from 4.5 to 8.3 kcal/mol, the lowest energy con- 
formation again having a [333] arrangement. 

Selected intermolecular contacts are given in Table 
2. In crystals of both complexes, the backbone hydro- 
gens of the macrocyclic ligand are involved in inter- 
actions with waters of crystallization ( C - - H - . . O )  
and chlorine anions ( C - - H . . .  C1). The distances of 
these interactions are close to the sum of van der 

Waals radii for H,C1 and H,O and could be considered 
as weak hydrogen bonds. 

The results from the X-ray study are consistent 
with the NMR spectroscopic data for the complexes 
[Ru([9]aneS~)(phen)Cl] + in solution, in that octa- 
hedral coordination with one thioether and one poly- 
pyridyl ligand is observed. However, the fact that the 
complexes 1 and 2 exist as two forms in solution and 
only one tbrm is seen in the solid state suggests that 
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C(2) 
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CO1) 
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( ~  c(7) 

Ci C(9) 
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Fig. 5. Molecular structure of  the [Ru([9]aneS3)(phen)Cl] + complex cation showing the atomic labelling scheme. Thermal 
ellipsoids are drawn at the 30% probability level and the hydrogen atoms are represented with a U~o of 0.01 A 2. 

CI 

Fig. 6. Molecular structure of  the [Ru([9]aneS3)(bpy)C1] + complex cation showing the atomic labelling scheme. Details are 
as in Fig. 5. 
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crystal packing forces, namely the hydrogen bonds 
C - - H . . . O  and C - - H . . . C 1  stabilize the con- 
formation adopted by the macrocycle in the solid 
state. These forces are absent in solution allowing the 
[9]aneS3 ligand to adopt two different conformations 
(both with Cs symmetry). 

EXPERIMENTAL 

The ligands [9]aneS~, phen, bpy, dbp, and dip were 
purchased from the Aldrich Chemical Company and 
used without further purification. 

N vn flws'e.s 

[Ru(dmso)4Cl2]. The synthesis of [Ru(dmso)4CI2] 
was carried out according to the method of  Evans et 

a/. [24] N M R :  IH D20:  3.49, 3.48, 3.46, 3.43, 3.42, 
3.37, 3.33 (dmso);  ~3C, 46.73, 46.50, 45.70, 45.11, 
44.67.44.31 (all ppm). UV/Vis:  ;t ..... nm(a x 10 ~ M 
cm ') ;  352(0.43), 312(0.33), 220(11.1), 202(26.9). 

[Ru([9]aneS~,)(dmso)Cl,]. [Ru(dmso)4C121 (0.5g, 1 
mmolt  was added to 0.186 g of  [9]aneS~ (1 retool) 
in ethanol (ca 30 ml). The resulting suspension was 
refluxed for 90 min at 80 C. A colour change from 
pale to bright yellow indicated reaction. The solution 
was concentrated and a bright yellow solid obtained. 
The product was washed with ethanol and dried (0.39 
g, 88%). [Note:  care must be taken not to use excess 
[9]aneS~ otherwise [Ru([9]aneS3)_~] -~ results.] N M R  : 
~H D:O;  3.38s(1.5 H), 3.35s(2.4 H), 3.26s(1.5 H), 
(dmso):  3.00-2.60m(12 H, [9]aneS3): ~C;  43.54, 
43.5(I, 42.12, 35.02, 34.53, 34.39, 33.50, 33.29, 31.64, 
31.0 I, 29.2 I, (all ppm). UV/Vis : 2 .... nm(~: x l 0-  ~ M 
cm ') ;425(0.26),  352(0.40), 210(24.7). 

[Ru([9]aneS3)(l, 10-phenanthroline)Cl]Cl (11. 1,10- 
phenanthroline (0.48 g, 2.42 retool, 5% excess) was 
added to a solution of  [Ru([9]aneS3)(dmso)Cl_~] (0. I 
g, 0.23 retool) in ethanol. The yellow solution was 
reltuxed for 15 rain at 80 C or until a colour change 
to orange indicated reaction had taken place. The 

solution was concentrated until a yellow/orange 
needle or "glass wool"-l ike solid was obtained. On 
standing, large orange crystals developed. These were 
washed with water and dried (0.12 g, 95%). N M R :  
'H D20;  {9.34d, 9.19d} 2H, {8.58d, 8.30d} 2H, 
{7.99s, 7.62s} 2H, [7.72q, 7.86q} 2H (phen), 3.1 2.3m 
(12H, [9]aneS0 : J~C, 153.6, 152.8, 147.7, 146,9, 138.3, 
137.2, 130.6, 130.2, 127.5, 127.1, 125.8, 125.5 (phen), 
34.11, 33.64, 32.05, 31.58, 31.27, 31.07 ([9]aneS)). 
UV/Vis:  2 ...... nm (ex~)10 ~ M ~ cm '):  411(3.01, 
356(3.1 ), 297(9.6)sh, 260(22.2), 224(24.4) ,  200(36.0). 

[Ru([9]aneS0(2,2"-bipyridyl)Cl]Cl (2). A 2% 
excess of  2,2'-bipyridyl (0.13g, 0.858 mmol) was added 
to 0.250 g of  [Ru([9JaneS3)(dmso)Cl2] (0.36 g, 0.836 
mmol) in ethanol. The yellow solution was refluxed 
['or 20 rain at 8 0 C  and an orange/red solution 
obtained. The solution was concentrated to dryness 
and redissolved in EtOH/H20.  On standing, o range  
red crystals were obtained (0.42 g, 98%). N M R :  ~H 
D20;  {9.1 ld, 9.01d} 2H, [8.47d, 8.38d I 2H, 
{8.17t, 8.06t I 2H, {7.66t, 7.56t} 2H (bpy) :2.96 2.21m 
I2H ([9]aneS~) : ~3C, 156,9, 156.4, 153.3, 152.8, 139.3, 
138.4, 127.5, 127.2, 123.6 (phen), 34.27, 33.8(I, 32.09, 
31.65, 31.34, 31.10 ([9laneS0. U V V i s :  Z, ..... 
nm(c×3)10 ~ M ~ cm ~); 413(3.0t. 315(4.61. 
283(15.71,241(24.11,203(24.1). 

[Ru([9]aneSO(4,4 '-diphenyl-2,2"-  bipyridyl)Cl]CI 
(3). The ligand 4A'-diphenyl-2,2'-bipyridyl (0.062 
g, 0.201 retool) ~as  added to a solution o1" 
[Ru([9]aneS3)(dmso)Cl2] (0.085 g, 0.197 r e t o o l ) m  
ethanol. Reflux for 2 h at 80 C gave an orange brown 
solution. After concentration the brick-coloured pre- 
cipitate was collected and dried (0.11 g, 84%). N M R : 
~H D,O:  9.07d 2H. 9.00s 2H, 8.03d 4H, 7.90d 2H, 
7.60m 6H (dbp), 3.2(I 2.60m 12H ([9]aneS0. UV/Vis:  
). ...... n m ( c x l 0  ~ M ~ cm ~): 422(5.4). 295(26.9) .  

250(21.01,202(36.5). 
[Ru([9]aneS))(4,7' - diphenyl - 1,10-phenanthro- 

line)Cl]C1 (41. To the complex [Ru([9]aneS0 
(dmso)Cl_~] (0.2 g, 0.464 mmol) in ethanol was added 
0.157 g (0.472 mmol) of  4.7'-diphenyl-l ,10-phen- 
anthroline. After refluxing t.or 2 h at 80 C a yel- 

Fable 2. Selected intermolecular contacts for crystal structures of the complexes 1 and 2 

Distances (A) Angles ( 

Complex I 
H(12).. .OW(I) [ l .O+x,.v,=] 
H(521 • • • OW(3)[x. 1.0+y, z] 
H(42)... Cl(l)[x, 1.0+y. z] 

Complex 2 
H(511. • • OW(2)[- 0 .5-x ,  v, 0.5 +z] 
H(41) . . . C l ( l ) [ - 0 , 5 - x , y ,  0.5-l-z] 
H1421-'. Cl(1)[-.v, 0.5-y,  0.5+--] 
H(22)... Cl ( l ) [ -x ,  0 .5-y,  0.5+--] 
H(32) - - • CI( l)[x, .v, z] 
H(111.-.(.'1(1)[0.5 - x, .v, 0.5+--] 

2.519 C(1)--H(12)...  OW(I) [ - l .Ol -x ,y ,  x] 145.0 
2.485 C(51--H(52) ... OW(3)[x, 1.0+y, -] 164.5 
2.903 C(4)--H(42) • • • CI(1 )Ix, 1.0 +)', x] 162.7 

2.708 C(5) - -H(51) ' .  OW(2)[--0.5-x, .r, 0.5 +z] 150.2 
3.153 C(4~--H(411 • • • CI(1 ) [ - 0 . 5 - x ,  y, 0.5 +=] 142.9 
2.815 C(4)--H(41) • • • Cl(1)[-x,  0 .5-y,  0.5+z] 150.9 
2.838 C(21--H(221 • • - Cl ( l ) [ -x .  0.5 y, 0.5+z] 171.9 
2.933 C(321--H(32) • • • CI(1 )[x, y. z] 160. I 
2.848 C(32)---H(32) • -. CI( 1)[0.5 -x,  y, O.5+z] 134.8 
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low/orange solution was obtained. Concentrat ion of 
the solution yielded an orange solid (0.29 g,91%).  
N M R :  IH D20 ;  9.46d 2H, 8.12s 2H, 7.88d 2H, 7.87- 
7.59m 10H (dip), 3.29-2.64m 12H ([9]aneS3). 
UV/Vis: "&max nm(g x 10 -3 M -1 c m - ' ) ;  386(5.2), 
276(28.5), 223(24.3), 205(38.6). 

NMRspectroscopy 

All spectra were recorded in either a Bruker A M X  
spectrometer operating at 300 M H z  or a Bruker A R X  
spectrometer operating at 400 MHz.  The LH spectra 
were obtained using 16k data points and a sweep 
width of  14.04 ppm. Deuterated methanol  of  D20 
were used as solvents with chemical shifts being ref- 
erenced to H O D  (4.75 ppm) or CD2HOD (3.35 ppm). 
~3C spectra were recorded using a sweep width of  250 
ppm with 32k data points. Full proton decoupling 
was used. External dioxan (66.5 ppm) was used as a 
chemical shift reference. The 2D N O E S Y  [25] spec- 
trum (800 ms mixing time) was recorded at 400 MHz.  
A sweep width of  14.04 ppm and a recycle delay of  10 
s was used. The number of  tl increments was 512 
with 8 scans being co-added for each increment. The 
number of  data points used was 2048. The final matrix 
size was 2K x 2K with a qsine window applied in both 
dimensions. 

Crystallographic measurements and processing 

The pertinent crystal data and refinement details 
for complexes 1 and 2 are given in Table 3. Single 
crystal data for complex 1 were collected with an 
Enraf-Nonius CAD-4  diffractometer, using a graph- 
i te-monochromated Mo-K~ radiation (2 = 0.71069 
/k). The unit cell parameters were calculated by least- 
squares refinement of  25 well centred reflections 
within the range 10 < 0 < 15 °. The intensity data were 
collected by vg-20scan mode. Three strong reflections 
were measured every 3600 s and their intensities did 
not  show appreciable decay. The data were corrected 
for absorption and polarization effects with CAD-4  
software. 

Data for complex 2 were collected with a M A R -  
research image plate system, using a graphite-mono- 
chromated Mo-K,  radiation (2 = 0.71069/k). Single 
crystal was positioned at 75 mm from the plate. An 
exposure time of  2 min was used per 2 ~' frame 
collected. Data  analysis was carried out with XDS 
program [26]. Intensities were not  corrected for 
absorption effects. 

Structure analysis and refinement 

The positions of  the ruthenium atoms were 
obtained from three-dimensional Patterson maps and 

Table 3. Crystal data and details of refinement of complexes l and 2 

Formula 
M 
Crystal system 
Space group 
a (A) 
b (h) 
c (A) 

( )  
v (A ~) 
z 
D,. (gcm 3) 
# (Mo-K~) (cm-') 
F(O00) 
Instrument 
20max ( )  
Index ranges 
Measured reflections 
Unique reflections (Rint) 
Data-to-parameters ratio 
Goodness-of-fit on F 2 
Final Rl and wR2 values [I > 2a(I)] 
(all data) 
Parameters a, b in weighting scheme" 
Largest difference peak and hole 

(e A 3) 

1 
CIsH26CI2N203RuS3 
586.6 
Monoclinic 
P2L/n 
11.753(2) 
8.047(6) 
23.952(4) 
101.83(8) 
2217.2(6) 
4 
1.758 
1.255 
1192 
CAD-4 Four Circle Diffractometer 
50 
0 ~< h <~ 13, - 2  ~< k~< 9, -28  ~< 1~< 27 
5657 
3893 (0.0399) 
3885/268 
0.914 
0.0412; 0.1031 
0.0620, 0.1391 
0.0709, 11.69 

0.978, -0.558 

2 
CL6H22C12N203RuS3 
558.5 
Orthorhombic 
Pbca 
10.354(7) 
33.062(22) 
13.125(7) 
(90) 
4493.0 
8 
1.651 
1.233 
2256 
MAR-research Image Plate System 
50 
0~<h~<8,-38~<k~<38,  -9<~1~ 12 
5425 
2134 (0.0533) 
2134/272 
0.869 
0.0439, 0.1235 
0.0564, 0.1361 
0.1005, 31.74 

0.645, --0.839 

% = l/[aZ(F~,) + (aP) 2 +bP], P = [Max(F~,) +2F,]1/3. 
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the remaining non-hydrogen atom positions by suc- 8. 
cessive difference Fourier synthesis. The methylenic 
hydrogens were included in the refinement in cal- 9. 
culated positions for idealized tetrahedral geometry 10. 
while the aromatic hydrogens were found from differ- 
ence Fourier maps. The hydrogen atoms of water 11. 
molecules in both complexes were not found in final 
Fourier maps and were not included in the refinement. 12. 
The hydrogens were refined with global isotropic ther- 
mal parameters. Anisotropic temperature factors were 13. 
used for all non-hydrogen atoms. The structures were 

14. refined by least squares methods until convergence 
was achieved. The final refinements were made on F -+ 
using a weighting system, with the form 15. 
w I'[a2(F,~,)+(aP):+hP], P [Max(F,~) + 2F,]/_ 
(see Table 3). 

All calculations required to solve and refine the 16. 
structures were carried out with SHELXS86 [27] and 
SHELX93 [28]. The atomic scattering factors were 17. 
taken from [29]. The molecular diagrams were drawn 
with ORTEP II [30]. 18. 

Additional material is available from the Cam- 
19. 

bridge Crystallographic Data Centre and comprises 
atomic coordinates, thermal parameters and the 
remaining bond lengths and angles. 20. 
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