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Pyridine-2-carbaldehyde thiosemicarbazones [C5H4N1-C(H)dN2-N3H-C(dS)-N4HR, R ) H, L1H2; CH3, L2H2-Me;
CH2CH3, L3H2-Et] with Ru(PPh3)3Cl2 have formed mononuclear RuII precursors for the generation of trinuclear
complexes. The reaction of 2 mol each of L1H2, L2H2-Me, or L3H2-Et with Ru(PPh3)3Cl2 in the presence of Et3N has
yielded mononuclear complexes [Ru(N3,S-L1H)2(PPh3)2] (1), [Ru(N3,S-L2H-Me)2(PPh3)2] (2), and [Ru(N3,S-
L3H)2(PPh3)2] (3). The addition of 2 equiv of copper(I) chloride solution to complex 1 in acetonitrile has formed a
novel trinuclear complex, (Ph3P)2RuII(L1)2CuII

2Cl2 (4), in which the pendant amino group (-N4H2) loses one hydrogen
along with the oxidation of CuI to CuII. In this complex, RuII is bonded to two P, two S, and two N3 atoms, while
each CuII is coordinated to N1, N2, N4, and Cl atoms. Reaction with copper(I) bromide yielded a similar trinuclear
complex, (Ph3P)2Ru(L1)2CuII

2Br2 (5). From precursors 2 and 3, analogous complexes (Ph3P)2RuII(L2-Me)2CuII
2Cl2

(6), (Ph3P)2RuII(L2-Me)2CuII
2Br2 (7), (Ph3P)2RuII(L3-Et)2CuII

2Cl2 (8), and (Ph3P)2RuII(L3-Et)2CuII
2Br2 (9) have been

synthesized. These complexes have been characterized using analytical, spectroscopic, and electrochemical
techniques. Single-crystal X-ray crystallography has been carried out for precursor 2 and all of the trinuclear
complexes, 4-9. X-band electron spin resonance and UV–vis spectra have confirmed the presence of CuII. The
cyclic voltammetry studies support the RuII/RuIII redox behavior of this metal in trinuclear complexes.

Introduction

The chemistry of polynuclear transition metal complexes
has received a recent surge of interest due to fascinating and
versatile properties exhibited by them.1 Among the meth-
odologies that are used for the construction of polynuclear
assemblies of predesigned compositions, the most popular
method is stepwise construction of mononuclear transition
metal complexes of multidentate ligands in which some of
the donor sites are unoccupied, which often serve as efficient
building blocks.2 Thiosemicarbazones (RHCdN-NH-C-
(dS)-NH2) represent one class of multidonor ligands which

possess several donor atoms and bind to metals as neutral
ligands (1a) {modes A-D}3 and anionic ligands (1b) {modes
A-F}4–6 (Chart 1). In cases where the R group is pyridyl, or
2-hydroxyphenyl, additional modes G [X ) N,7 X ) O8] have
been identified.
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From this laboratory, several mononuclear and dinuclear
transition metal complexes with thiosemicarbazones have
been reported. 9 It was noted in a mononuclear [Ru(L1H)2-
(dppb)] complex {Chart 2; L1H2 ) pyridine-2-carbaldehyde
thiosemicarbazone; dppb ) 1,4-bis(diphenylphosphino)bu-
tane} that the thiosemicarbazone ligand binds via N3; S donor
atoms (forming four-membered ring) and some of the donor
atoms are still free.9a The presence of three uncoordinated
donor atoms (N1, N2, and N4) for each ligand and their
relative dispositions in space suggested that such complexes
might provide a possibility to bind to a second metal ion. In
the literature, an analogous ligand, namely, salicylaldehyde
thiosemicarbazone, has formed an octanuclear complex,
namely, [{Ru(bpy)2(stsc)}4Ni4](ClO4)4 (stsc ) trianion of
salicylaldehyde thiosemicarbazone), in which it acts as a
multidentate ligand.10

Keeping in view the above observations, it was planned
to investigate polymetallic chemistry using pyridine-based
thiosemicarbazones, as shown in Chart 2. Thus, in this paper,
a series of trinuclear complexes based on precursors
[Ru(N3,S-L1H)2(PPh3)2] (1), [Ru(N3,S-L2H-Me)2(PPh3)2]
(2), and [Ru(N3,S-L3H-Et)2(PPh3)2] (3) containing pyridine-
2-carbaldehyde thiosemicarbazones are reported.

Results and Discussion

The reaction of 2 equiv of thiosemicarbazones L1H2,
L2H2-Me, or L3H2-Et with RuCl2(PPh3)3 in the presence
of the Et3N base in methanol has yielded precursors
[Ru(N3,S-L1H)2(PPh3)2] (1), [Ru(N3,S-L2H-Me)2(PPh3)2]
(2), and [Ru(N3,S-L3H-Et)2(PPh3)2] (3) (Scheme 1). In
these precursors, there is deprotonation of the hydrazinic
-N3H- group and the thiosemicarbazone ligands behave
as uninegative bidentate anions. The addition of 2 equiv of
copper(I) halide, CuX (X ) Cl, Br), to 1 equiv of complex
1 in acetonitrile resulted in a rapid change of color from
light orange to dark red (maroon), and slow evaporation of
the resulting solution formed the red crystalline complexes
(Ph3P)2RuII(L1)2CuII

2Cl2, 4, and (Ph3P)2Ru(L1)2CuII
2Br2, 5.

These reactions involved participation of the pendant, -N1H2

moiety in binding to CuII. Similarly, reactions of precursors
2 and 3 with copper(I) halides yielded the heterotrinuclear
complexes 6-9 (Scheme 1). Complexes have good solubility
in the organic solvents, such as dichloromethane and
chloroform.

The formation of complexes 4-9 involves deprotonation
of hydrazinic (-N3H-) and -N4HR protons (R ) H, Me,
Et), generating dianions and the oxidation of CuI to CuII.
The generation of a dianion from pyridine-2-carbaldehyde
thiosemicarbazones (L1H2, L2H2-Me, and L3H2-Et) and its
pentacoordination are unprecedented. A plausible mechanism
of formation of CuII and deprotonation of -N4HR groups is
represented in Scheme 2.

It may be pointed out here that the formation of complexes
4-9 occurs in the presence and absence of air, and the
reaction is instantaneous, with the color of the solution of
the precursors changing from the light orange to the dark
red after the addition of copper(I) halides. It rules out the
oxidation of CuI by air in the reaction systems. Further, the
addition of CuCl2 in place of CuCl to precursors did not
form similar trinuclear complexes; rather, the transfer of
thiosemicarbazonate from RuII to CuII has been identified,
by isolating a compound characterized as [CuCl2(L1H2)].
Silver(I) chloride, being insoluble in CH3CN, did not react
with precursor 1. The addition of AuCl does show an initial
color change from light orange to red, but it reverts to the
original color. The color change is believed to be due to the
formation of AuII momentarily, making it difficult to establish
its formation using spectroscopic techniques. The addition
of HgCl2 to precursor 1 led to the formation of an octahedral
complex, Hg(L1H)2 (L1H is a uninegative anion), confirmed
by X-ray crystallography to be the same as that reported
earlier by a different reaction.9d Further, there was no reaction
with copper(I) halides when the 2-pyridyl group was changed
to 3-pyridyl, phenyl, or thiophene at the C2 carbon.

IR and Electron Spin Resonance (ESR) Spectral
Studies. The spectra of the free ligands reveal bands in the
region 3500-3150 cm-1 attributed to the ν(N-H) of -NH2,
and at 3200–3150 cm-1 assigned to the imino -NH- group
(see the Experimental Section). The ν(C–H) bands due to
the aromatic ring are observed for all of the complexes in
the region near 3050 cm-1. Further, δ(NH2) + ν(CdN) +
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(b) Garcia-Tojal, J.; Lezama, L.; Pizarro, J. L.; Insausti, M.; Arriortua,
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A.; Butcher, R. J. Inorg. Chem. Commun. 2007, 10, 506. (c) Lobana,
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ν(C-C) vibration modes are unresolved and are assigned in
the range 1635–1515 cm-1. However, the thioamide bands
due to the ν(C–S) mode at around 830 cm-1 shifted to low
energy (at ∼810 cm-1) as compared with the similar free
ligand bands, and this is consistent with its single-bond
character in the anionic form. The presence of PPh3 in
complexes 1–9 is confirmed by the presence of a character-
istic ν(P-C) band in the range 1076–1085 cm-1. Further,
the X-band ESR spectra of each of the microcrystalline
complexes showed one signal centered at g ) 2.096 and
2.095 in 4 and 5, respectively, and it confirmed the presence
of CuII in the trinuclear complexes. The ESR spectra at low
temperature (120 K) and in the solution state (CH2Cl2) were
essentially unchanged. Similarly, complexes 6–9 showed
ESR signals centered at g ) 2.088, 2.089, 2.0758, and
2.0353, respectively.

Descriptions of the Crystal Structures. Precursors.
Among the precursors (1-3), precursor 2 formed good-
quality crystals, and its X-ray structure is first discussed here.
Figure 1a shows the molecular structure of complex 2 with
the numbering scheme. It crystallized in the monoclinic space
group. Ruthenium(II) is coordinated to two anionic L2H2-Me
ligands via N3 and S-donor atoms, thus forming four-
membered chelate rings with a bite angle N3-Ru-S of
65.80(6)° and 66.20(6)°. The RuII-N3 bond distances are
2.161(2) and 2.1693(19) Å, and the RuII-S distances are
2.4205(7) and 2.465(7) Å. The other two sites are occupied
by P donor atoms of two PPh3 ligands with Ru-P distances
of 2.3008(7) and 2.3034(7) Å. The cis N-Ru-N {81.25(8)°}
angle is less than 90°, whereas the other cis angle, P-Ru-P
{98.89(2)°}, is more than 90°. The trans angle S-Ru-S
{159.03(2)°} deviates largely from linearity. The geometry
of the complex is thus distorted octahedral. All of the bond

parameters around RuII are comparable to literature reports.11

The presence of water shown by elemental analysis was
confirmed by X-ray crystallography. It forms two hydrogen
bonds; the O of water is bonded to the amino hydrogen of
the -NHCH3 moiety, with an O···H distance of 2.240(4) Å,
while pyridine N is bonded to the H of H2O with a N···H
distance of 2.045(4) Å (Figure 1b).

Structures of Trinuclear RuIICuII
2 Complexes. The

structures of trinuclear complexes 4-9 have been revealed
by X-ray crystallography. Compounds 4-9 crystallized in
triclinic crystal systems with the Pj1 space group in each case.
Table 1 shows the crystallographic data for these complexes;
Table 2 deals with the comparison of important bond
parameters. Since the complexes have similar structures, a
detailed description of only complex (Ph3P)2RuII(L1)2CuII

2Cl2

(4) is given here, and the structures of other complexes are
discussed with reference to it. Protons of the phenyl rings
have been removed for clarity.

In complex 4, each thiosemicarbazone ligand behaves as
a dianion, and two such dianions are connecting one RuII

and two CuII ions forming the trinuclear complex. The ligand
coordinates to the Ru metal center via N3 and S-donor atoms
with S-Ru-N3 bite angles of 66.36(7) and 66.19(7)° (Figure
2a), and the geometry is distorted octahedral with trans-
S-Ru-S and cis-P-Ru-P bond angles of 156.09(3)° and
98.23(3)°, respectively. The Ru-S, Ru-P, and Ru-N3 bond
lengths, 2.4500(9) and 2.4564(10) Å, 2.2975(10) and 2.2993(9)
Å, and 2.112(3) and 2.133(2) Å, respectively, are charac-
teristic of RuII complexes.11 Each CuII metal ion is coordi-
nated to the N1, N2, N4, and Cl atoms. The trans bond angles,
160.25(11)° and 159.28(12)° (N4-Cu-N1) and 177.49(9)°

(11) (a) Maji, M.; Chatterjee, M.; Ghosh, S.; Chattopadhyay, S. K.; Mak,
T. C. W.; Wu, B. M. J. Chem. Soc., Dalton Trans. 1999, 135. (b)
Gupta, P.; Dinda, R.; Ghosh, S.; Sheldrick, W. S. Polyhedron 2003,
22, 447. (c) Mishra, D.; Naskar, S.; Drew, M. G. B.; Chattopadhyay,
S. K. Polyhedron 2005, 24, 1861. (d) Basuli, F.; Ruf, M.; Pierpont,
C. G.; Bhattacharya, S. Inorg. Chem. 1998, 37, 6113. (e) Basuli, F.;
Peng, S. M.; Bhattacharya, S. Inorg. Chem. 1997, 36, 5645. (f) Maji,
M; Ghosh, S.; Chattopadhyay, S. K.; Mak, T. C. W. Inorg. Chem.
1997, 36, 2938.
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and 166.47(8)° (N2-Cu-Cl), reveal distorted square-planar
geometry around the CuII metal center. The Cu-N4 bond
distance between Cu and imido (-N4H-) nitrogen atoms is
the shortest, 1.939(3) Å, while other Cu-N distances,
1.962(2) and 2.011(3) Å, are longer. Acetonitrile lies in the
lattice with one of its three hydrogens having weak contact
with chlorine. Two such trinuclear units dimerize via long-
range Cu···Cl interactions {2.9984(9) and 3.1970(11) Å, sum
of van der Waals radii ) 3.10–3.30 Å},12 and it results in
the formation of a hexanuclear cluster (Figure 2b).

On changing the halide from chloride to bromide, complex
5 is obtained. The structure of complex 5 shows the bonding
around RuII and CuII centers to be identical to that of complex
4 (Figure 3). The metal-donor (RuII/CuII) bond lengths are
also comparable with those of complex 4 (Table 2). It may
be mentioned here that, in this case also, long-range Cu···Br
(∼3.0 Å) interactions result in a hexanuclear structure.
Acetonitrile is present as a solvent of crystallization. The
coordination to CuII significantly shortens the C1-N4 and
N2-N3 bond distances (1.37 and 1.32 Å, respectively) of

complex 6 (Figure 4) vis-à-vis complex 2 (1.43 and
1.37 Å).

It can be observed from the comparison, Table 2, that the
bond parameters for complexes 4-9 do not vary signifi-
cantly; thus, there is no significant effect of change of the
halide from chloride to bromide or by substituting -NH2

by bulky substituents -NHCH3 or -NHC2H5 on bond
parameters except for variation in the P-Ru-P angle, which
opens up in complexes 8 and 9. The trans-N-Cu-X bond
angles for two Cu’s in a trinuclear complex are unequal,
while the trans-N-Cu-N bond angles are nearly the same
(Table 2).

Solution State Behavior. Trinuclear complexes 4-9 did
not show any NMR signal, and it confirmed the presence of
CuII, as shown by ESR. The RuII precursors 1-3 are
diamagnetic and, so, are NMR-active. Important signals are
listed in the Experimental Section. Each of the free ligands
(L1H2, L2H2-Me, and L3H2-Et) show a peak at low fields
(δ∼10 ppm) due to the presence of a hydrazinic proton
(-N3H-), and this peak was absent in the spectra of
complexes 1-3, thus confirming deprotonation of the ligands.
In the 31P NMR spectra, each of the complexes showed a

(12) Huheey, J. E.; Keiter, E. A.; Keiter, R. L. Inorganic Chemistry:
Principles of Structure and ReactiVity, 4th ed.; Harper Collins:
NewYork, 1993.

Figure 1. (a) Structure of complex [Ru(L1H-Me)2PPh3)2], 2, with numbering scheme. (b) Packing diagram for complex 2.
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single peak depicting the equivalence of two PPh3 ligands
in each complex. The coordination shifts are comparable with
other complexes containing tertiary phosphines.9a,13

The electronic absorption spectral data of complexes 1-9
in dichloromethane are listed in Table 3. Each of the
mononuclear complexes 1–3 showed two bands in the ranges
390–398 (n-π*) and 328–337 nm (π-π*), respectively.
Trinuclear complexes 4-9 showed three bands in the ranges
500–502 (d-d transitions), 421–442 (n-π*), and 320–327
nm (π-π*). From these data, it is noted that the peaks due
to π-π* transitions in complexes 1–3 do not undergo
significant shifts in trinuclear complexes 4-9, while the
peaks due to n-π* transitions in mononuclear complexes
undergo significant red shifts in trinuclear complexes. The
latter shift is attributed to the change in the dentacy of

(13) (a) Lobana, T. S.; Kaur, P.; Castineiras, A. J. Coord. Chem. 2005,
58, 429. (b) Lobana, T. S.; Verma, R.; Singh, R.; Castineireas, A.
Transition Met. Chem. (Dordrecht, Neth.) 1998, 23, 25.

Figure 2. (a) Structure of complex [(Ph3P)2RuII(L1)2CuII
2Cl2] 4 with numbering scheme. (b) Packing diagram of complex 4.

Figure 3. Structure of complex [(Ph3P)2RuII(L1)2CuII
2Cl2], 5, with number-

ing scheme.
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the thiosemicarbazones from two (1-3) to five (4-9). The
square-planar geometry around each Cu center is supported
by the appearance of additional bands in the range 500–502
nm, which are assigned to d-d transitions.14

Electrochemical Studies. The cyclic voltammogram of
precursor 1 in acetonitrile displayed the RuII/RuIII redox
couple at E1/2 ) 0.414 V with a peak-to-peak separation
(∆Ep) value of 63 mV. The E1/2 value is quite close to
literature reports of the RuII/RuIII redox couple with a similar
environment around RuII, for example, [Ru(PPh3)2(L)2] (E1/

2, 0.39 V; ∆Ep, 60 mV and E1/2, 0.30 V; ∆Ep, 60 mV; L )
η2-N3, S-bonded thiosemicarbazone ligands).11a,b The cyclic
voltammeteric behavior of trinuclear complex, 4, is quali-
tatively similar with that of parent complex 1, showing E1/2

at 0.551 V (∆Ep, 81 mV) for chloride complex 4. The shift
in E1/2 to higher potential, vis-à-vis that of precursor 1, is
attributed to the deprotonation of the thiosemicarbazone and
subsequent binding to Cu(II). Trinuclear compex 5 shows a
similar trend (E1/2 at 0.516 V; ∆Ep, 95 mV). CuII/CuI showed
a quasi-reversible redox potential at E1/2 and ∆Ep ) -0.310
V and 191 mV (4) and -0.350 V and 120 mV (5).15

Conclusion

The generation of pyridine-2-carbaldehyde thiosemicar-
bazones as pentacoordinated dianions {(L1)2-, (L2-Me)2-,
and (L3-Et)2-} via the redox reaction of copper(I) halides
across thiosemicarbazones coordinated to RuII have generated
novel trinuclear complexes with RuIICuII

2 cores. The forma-
tion of complexes 4-9 reveals that the precursors, 1-3,
could be suitable analytical reagents/sensors for the detection/
determination of copper(I) halides. Further trinuclear com-
plexes might be useful in material science.

Experimental Section

Chemicals. All solvents, RuCl3·xH2O, pyridine-2-carbaldehyde,
thiosemicarbazide, and N-methyl and N-ethyl thiosemicarbazides
are commercially available and were used without further purifica-
tion.

Physical Measurements. Elemental analyses for C, H, and N
were carried out using a thermoelectron FLASHEA1112 analyzer.
The melting points were determined with a Gallenkamp electrically
heated apparatus. UV-visible spectra were recorded using a UV-
1601PC Shimadzu apparatus. The melting points were determined
with a Gallenkamp electrically heated apparatus. The IR spectra
were recorded using KBr pellets on a Pye-Unicam SP3-300
spectrophotometer. X-band ESR spectra were recorded using a
Bruker spectrometer. 1H NMR spectra were recorded on a JEOL
AL300 FT spectrometer at 300 MHz in CDCl3 with TMS as the
internal reference. The 31P NMR spectra were recorded at 121.5
MHz with H3PO4 as the external reference. Cyclic voltammograms
were recorded on an Autolab Electrochemical System equipped with
PGSTAT20 apparatus driven by GPES software employing a
platinum working electrode and an SCE reference electrode. All
solutions were 10-3 mmol L-1, and the supporting electrolyte was
10-1 mmol L-1 of tetraethyl ammonium perchlorate.

Synthesis. RuCl2(PPh3)3 was prepared by a literature procedure.16

The ligands L1H2, L2H2-Me, and L3H2-Et were synthesized by
conventional procedures.17

Ru(L1H)2(PPh3)2, 1. To a solution of L1H2–Me (0.019 g; 0.10
mmol) in methanol (20 mL) was added RuCl2(PPh3)3 (0.050 g, 0.05
mmol) and Et3N (0.5 mL), followed by stirring for 2 h; during
stirring, the orange-colored precipitates of the complex started
separating and were filtered and dried. The complex is soluble in
chloroform, dichloromethane, acetonitrile, and toluene. Yield: 60%.
mp: 170–172 °C. Elem anal. found: C, 59.89; H, 4.57; N, 11.17.
C50H44N8P2S2Ru requires: C, 60.53; H, 4.47; N, 11.39 (%). IR bands
(KBr pellets, cm-1): ν(NH2) 3276s, 3163, ν(CdN) + δNH2+
ν(CdC) 1585s, 1562sh; ν(C-S) 1047s, 824s, ν(P-C) 1085s. 1H
NMR (CDCl3, ppm): δ 8.82 (s, C2H, 2H), 8.54 (d, C7H, 2H, J )
4.8), 7.50–7.53 (m, C4,5,6, 6H), 5.40(s, NH2, 4H), 6.98–7.35 (m,
Ph-H, 30H). 31P NMR(CDCl3): δ 52.1 ppm. Coordination shift
∆δ(δcomplex-δPPh3) ) 56.8 ppm.

Ru(L2H-Me)2(PPh3)2·H2O, 2. To a solution of L2H2–Me (0.019
g; 0.10mmol) in methanol (20 mL) was added RuCl2(PPh3)3 (0.050
g; 0.05 mmol) and Et3N (0.5 mL), followed by stirring for 2 h,
during which a clear orange-colored solution was formed. The
solution was filtered and kept for evaporation; an orange crystalline
product started forming after a few days. Yield: 65%. mp: 190 °C.

(14) Lever, A. B. P. Inorganic Electronic Spectroscopy, 2nd ed.; Elsevier
Publishers: New York, 1984.

(15) (a) Naik, A. D.; Reddy, P. A. N.; Nethaji, M.; Chakravarty, A. R.
Inorg. Chim. Acta 2003, 349, 149. (b) Dhar, S.; Chakravarty, A. R.
Inorg. Chem. 2003, 42, 2483.

(16) Stephenson, T. A.; Wilkinson, G. J. J. Inorg. Nucl. Chem. 1966, 28,
945.

(17) (a) Klayman, D. L.; Bartosevich, J. F.; Griffin, C. J.; Mason, J.; Scovill,
J. P. J. Med. Chem. 1979, 22, 855. (b) Lobana, T. S.; Sanchez, A.;
Casas, J. S.; Castineiras, A.; Sordo, J.; Garcia-Tasende, M. S.;
Vazquez-Lopez, E. M. J. Chem. Soc., Dalton Trans. 1997, 4289.

Figure 4. Structure of complex [(Ph3P)2RuII(L2-Me)2CuII
2Cl2], 6, with

numbering scheme.

Table 3. UV-Visible Data of Complexes 1-9

complex
λmax(nm) with ε (mol-1 dm-3 cm-1)

in parentheses (solvent, CH2Cl2)

1 390 (1.797 × 103), 328 (3.329 × 103)
2 395 (2.658 × 103), 336 (2.552 × 103)
3 398 (1.811 × 103), 337 (1.954 × 103)
4 500 (3.28 × 103), 423 (2.10 × 103), 320 (3.24 × 103)
5 501 (1.88 × 103), 421 (1.23 × 103), 321 (2.219 × 103)
6 502 (1.65 × 103), 427 (1.13 × 103), 320 (2.019 × 103)
7 502 (2.157 × 103), 442 (1.27 × 103)
8 500 (2.05 × 103), 439 (1.246 × 103), 327 (0.68 × 103)
9 501 (2.03 × 103), 436 (1.236 × 103)
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Elem anal. found: C, 60.80; H, 4.99; N, 11.17. Required for
C52H48N8OP2S2Ru·H2O: C, 60.60; H, 4.85; N, 10.80. IR bands (KBr
pellets, cm-1): ν(NH2) 3271s, 3172 ν(CdN) + δNH2+ ν(CdC)
1585s, 1564s; ν(CdS) 1047s, 844s, ν(P-C) 1076s. 1H NMR
(CDCl3, ppm): δ 8.82 (s, C2H, 2H), 8.50 (s, C7H, 2H), 7.50–7.44–7.51
(m, C4,5,6, 6H), 6.99–7.51 (m, Ph-H, 30H), 6.10 (d, NH, 2H, J )
4.8), 2.70 (d, -NHCH3, 6H, J ) 5.1). 31P NMR(CDCl3): δ 52.9
ppm. ∆δ(δcomplex-δPPh3) ) 57.5 ppm.

Ru(L3H-Et)2(PPh3)2, 3. Compound 3 was prepared by a method
similar to that for complex 2. Yield: 66%. mp: 175 °C. Elem anal.
found: C, 62.78; H, 5.36; N, 10.87. C54H52N8P2S2Ru requires: C,
62.36; H, 5.00; N, 10.77 (%). 1H NMR (CDCl3, ppm): δ 8.84 (s,
C2H, 2H), 8.50 (d, C7H, 2H, J ) 1.125), 7.45–7.54 (m, C4,5,6, 6H),
6.99–7.30 (m, Ph-H, 30H), 6.18 (t, NHCH2, 2H, J ) 1.57), 3.16
(m, CH2CH3, 4H, J ) 6.8), 0.92 (t, CH2CH3, 6H, J ) 7.2). 31P
NMR(CDCl3): δ 53.0 ppm. ∆δ(δcomplex-δPPh3) ) 57.7 ppm.

Ru(L1)2(PPh3)2Cu2Cl2·0.3CH3CN, 4. To a solution of complex
1 (0.050 g; 0.05 mmol) in acetonitrile (10 mL) was added dropwise
a solution of copper(I) chloride (0.010 g; 0.10 mmol) in acetonitrile
(5 mL), when a distinct color change from bright yellow to dark
red occurred. The solution was kept undisturbed in a closed culture
tube for about 2 days, when dark red crystals were formed. Yield:
0.045 g, 75%. mp: 204–206 °C. Elem anal. found: C, 51.20; H,
3.05; N, 9.91. C50H42N8P2S2RuCu2Cl2·1/3CH3CN requires: C, 51.00;
H, 3.50; N, 9.98. IR bands (KBr pellets, cm-1): ν(N-H) 3400m,
3375w; ν(C-H), 3050m; ν(CdN) + δNH2 + ν(CdC), 1650s,
1598s, 1577m; ν(P-C), 1095s; ν(C-S), 825s.

Complexes 5-9 were prepared similarly.
Ru(L1)2(PPh3)2Cu2Br2·CH3CN, 5. Yield: 75%. mp: 205–207

°C. Elem anal. found: C, 48.00; H, 4.00; N, 10.10.
C50H42N8P2S2RuCu2Br2·CH3CN requires: C, 47.60; H, 3.43; N, 9.60.
IR bands (KBr pellets, cm-1): ν(N-H) 3400, 3395w, ν(C-H),
3050m; ν(CdN) + δNH2 + ν(CdC), 1650b, 1598s, 1577m;
ν(P-C) 1093s; ν(C-S) 850sh.

Ru(L2-Me)2(PPh3)2Cu2Cl2·CH3CN, 6. Yield: 75%. mp: 205–207
°C. C, H, N calcd for C54H49Cl2Cu2N9P2RuS2: C 47.60, H, 3.43,
N, 9.60. Found: C, 48.00; H, 4.00; N, 10.10. IR bands (KBr pellets):
ν(C-H), 3050m; ν(CdN) + δNH2 + ν(CdC), 1600s, 1573s,
1541s; ν(P-C) 1081s; ν(C-S), 821s.

Ru(L2-Me)2(PPh3)2Cu2Br2·0.5CH3CN, 7. Yield: 75%. mp:
205–207. Elem anal. found: C, 48.20; H, 3.13; N, 10.82.

C52H46Br2Cu2N8P2RuS2·0.5CH3CN requires: C, 48.29; H, 3.06; N,
11.07. IR bands (KBr pellets): ν(C-H), 3048m; ν(CdN) +
ν(CdC), 1610s, 1575s; ν(P-C) 1080s; ν(C-S), 825s.

Ru(L3-Et)2(PPh3)2Cu2Cl2, 8. Yield: 80%. mp: 208–210 °C.
Elem anal. found: C, 51.97; H, 4.13; N, 9.32. C54H50-
Cl2Cu2N8P2RuS2 requires: C, 52.30; H, 4.04; N, 9.60. IR bands
(KBr pellets): ν(C-H), 3048m; ν(CdN) + ν(CdC), 1610s, 1575s;
ν(P-C) 1080s; ν(C-S), 850s.

Ru(L3-Et)2(PPh3)2Cu2Br2, 9. Yield: 80%. mp: 208–210 °C.
Found: C, 48.78; H, 4.03; N, 8.32. C54H50Br2Cu2N8P2RuS2 requires:
C, 48.90; H, 3.77; N 8.45. IR bands (KBr pellets): ν(C-H), 3050m;
ν(CdN) + δNH2 + ν(CdC), 1600s, 1573s, 1541s; ν(P-C) 1081s;
ν(C-S), 839s.

X-Ray Crystallographic Studies. Single crystals of complexes
were mounted on a CCD area detector diffractometer (2, 4-7) and
an Oxford Diffraction Gemini apparatus (8 and 9), equipped with
a graphite monochromator and a Mo KR radiator (λ ) 0.71073
Å). The unit cell dimensions and intensity data were measured at
93(2) K for 4 and 5; 173(2) K for 2, 6, and 7; and 296(2) K for 8
and 9. The structure was solved by direct methods and refined by
full matrix least-squares based on F2 with anisotropic thermal
parameters for non-hydrogen atoms using Bruker SMART (data
collection and cell refinement), Bruker SHELXTL (data reduction
and computing molecular graphics), SHELXS-97 (structure solu-
tion), and SHELXL-97 (structure refinement).18 An empirical ψ
absorption correction was applied. X-ray crystal data in CIF format
are available as Supporting Information.
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(18) Sheldrick, G. M. SHELXL-97, Program for the Refinement of Crystal
Structures; University of Gottingen; Gottingen, Germany, 1997.
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