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Complete functionalization of N,N,N�,N�-[tetrakis(cyanoethyl)-
hexamethylenediamine] [N�C(CH2)2]2N(CH2)6N[(CH2)2-
C�N]2 (4) and N,N,N�,N�-[tetrakis(cyanoethoxypropyl)hexa-
methylenediamine] [N�C(CH2)2O(CH2)3]2N(CH2)6N[(CH2)3-
O(CH2)2C�N]2 (7) with the organometallic moiety [Ru(η5-
C5H5)(PPh3)2Cl] and the five-coordinate cis-[RuCl(dppe)2]-
[PF6] [dppe = 1,2-bis(diphenylphosphanyl)ethane] was at-
tained with good yield, respectively, by treating the metallo-
fragment with the core in methanol (at room temperature and
in presence of TlPF6 as a chloride abstractor) and in 1,2-

Introduction

The incorporation of transition-metal complexes into
dendritic molecules may lead to new and interesting materi-
als[1] with specific and tunable properties (e.g., catalytic,[2]

sensing,[3] biomedical[4] and photo-optical[5]). Coordination
chemistry, with its variety of metals and ligands, provides
good and straightforward synthetic strategies for the prepa-
ration of metallodendrimers.[6] Although amine-function-
alized poly(alkylidenamine) derivatives are well-known
building blocks for the preparation of dendrimers,[7] the di-
rect use of nitrile poly(alkylidenamine) scaffolds as cores for
metallodendrimers remains practically unexplored. Re-
cently, our group prepared new air-stable ruthenium metallo-
dendrimers based on N,N�-bis(cyanomethyl)piperazine,
N,N�-bis[N��,N���-bis(cyanoethyl)aminoethyl]piperazine and
N,N,N�,N�-[tetrakis(cyanoethyl)ethylenediamine] cores func-
tionalized at the surface with [Ru(η5-C5H5)(PPh3)2]+.[8] This
work introduced a novel quantitative method to solid-
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dichloroethane (under reflux). These novel nitrile-function-
alized poly(alkylidenamine) dendrimers peripherally func-
tionalized with the ruthenium moieties [Ru(η5-C5H5)(PPh3)2]+

and [RuCl(dppe)2]+ (8–11) were fully characterized by NMR
(1H, 13C, 31P), TOF-MS and FTIR. The present results repre-
sent a step forward in the knowledge of the most adequate
synthetic strategy for total coordination of poly(alkyliden-
amine) nitrile core derivatives to the different ruthenium
complex moieties and confirm the versatility of these systems
as building blocks in metallodendrimer chemistry.

ify and chromatographically purify the otherwise semiliquid
nitrile-functionalized poly(alkylidenamine) dendrimers and
opened the route for the preparation of higher generation
poly(alkylidenamine) ruthenium dendrimers with the orga-
nometallic moiety [Ru(η5-C5H5)(PPh3)2]+ at the periphery.
To the best of our knowledge, the other few examples in
the literature that report the direct use of nitrile poly(alkyl-
idenamine) cores refer to the synthesis of coordination
polymers[9] and to the preparation of catalytic dendritic sys-
tems formed in situ for Wacker oxidation of terminal olefins
bonds.[10]

As part of our studies on the exploitation of the π donor
ability of [Ru(η5-C5H5)(PP)]+ [PP = (PPh3)2, dppe, (+)-
diop] and [RuCl(dppe)2]+ for the preparation and charac-
terization of mono-, di- and trinuclear complexes[11] and
metallodendrimers[8,12] for nonlinear optical applications
using the nitrile group as a coordination bridge to the
metallofragments, we wish to report herein our new find-
ings on the preparation and characterization (by NMR,
TOF-MS and FTIR) of the first generation of N,N,N�,N�-
[tetrakis(cyanoethyl)hexamethylenediamine] (4) and
N,N,N�,N�-[tetrakis(cyanoethoxypropyl)hexamethylenedi-
amine] (7) dendrimers functionalized with the cationic com-
plexes [Ru(η5-C5H5)(PPh3)2]+ or [RuCl(dppe)2]+ at the pe-
riphery. Although these metallodendrimers can potentially
be used in catalysis, and even in biological applications, syn-
thetic strategies for the preparation of low and high genera-
tions of nitrile-functionalized poly(alkylidenamine) ruthe-
nium dendrimers remain practically unexplored.
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Results and Discussion

Following our previous published results,[8] in the present
work we started by testing the reaction between N,N,N�,N�-
[tetrakis(cyanoethyl)ethylenediamine] (1) and five-coordi-
nate cis-[RuCl(dppe)2][PF6], aiming at the preparation of
the tetrakis-ruthenium dendrimer [{Cl(dppe)2Ru}4(1)]-
[PF6]4. Several attempts were made to prepare the metallo-
dendrimer that always resulted in a mixture of products im-
possible to be purified. Mass spectrometry analysis led us
to the conclusion that only tricoordinated 2 and dicoordi-
nated 3 were achieved (Scheme 1) with characteristic [M+]
peaks at m/z = 3363 (for 2) and 2284 (for 3) (Figure 1). As
expected for multicharged metallodendrimers in this mass
spectrometry technique, the doubly charged species
[{RuCl(dppe)2}3(1)(PF6)]2+ is visible at m/z = 1609, re-
sulting from the loss of two counterions from mononitrile
2. The peak at m/z = 1205 resulted from fragmentation of
mononitrile 2 and dinitrile 3. The high abundance of com-

Scheme 1. General procedure for attempted preparation of
[{Cl(dppe)2Ru}4(1)][PF6]4.
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plex 3 confirms that this species is already present in the
matrix rather than having its origin in simple fragmentation
of complex 2. It is reasonable to assume that the formation
of the tetracoordinate product was prevented due to steric
hindrance of the bulky metallofragments at the periph-
ery.[12a,13] Although, we were not able to isolate trimeric
complex 2, its formation may represent a new route to
higher dendrimer generation. With these results in mind,
two synthetic approaches were tested to overcome this
problem. The first one was the elongation of the carbon
chain between the N–N atoms of the amine core. The car-
bon chain was increased from two carbon atoms on the
N,N,N�,N�-[tetrakis(cyanoethyl)ethylenediamine] (1) core to
six carbon atoms on the N,N,N�,N�-[tetrakis(cyanoethyl)-
hexamethylenediamine] [N�C(CH2)2]2N(CH2)6N[(CH2)2-
C�N]2 (4) core. To prevent possible steric hindrance in the
branches, a second synthesis strategy was used to increase
the length of the lateral chains of the core.

Synthesis of Core Ligands N,N,N�,N�-[Tetrakis(cyanoethyl)-
hexamethylenediamine] [N�C(CH2)2]2N(CH2)6N[(CH2)2-
C�N]2 (4) and [N�C(CH2)2O(CH2)3]2N(CH2)6N[(CH2)3-
O(CH2)2C�N]2 (7)

The synthesis of 4 was recently reported[10] while the
preparation of this manuscript was under way, although no
experimental details or spectroscopic characterization of
the compound were given. The new N,N,N�,N�-[tetrakis-
(cyanoethoxypropyl)hexamethylenediamine] (7) was pre-
pared by adapting a reported methodology presented by
Jayaraman et al.[14] The precursor [OtBu(C=O)(CH2)2]2-
N(CH2)6N[(CH2)2(C=O)OtBu]2 (5) was synthesized by
Michael addition of tert-butyl acrylate, followed by tert-
butyl ester reduction to give the tetrol [OH(CH2)3]2N-
(CH2)6N[(CH2)3OH]2 (6). Finally, O-alkylation by a second
Michael addition with the use of acrylonitrile led to tetrani-
trile 7 in good yield (Scheme 2). At the end, new nitrile-
functionalized poly(alkylidenamine) dendrimers with an ex-
tended inner chain and extended lateral branches were pre-
pared and characterized (compounds 4 and 7).

Synthesis of Metallodendrimers [{(η5-C5H5)(PPh3)2Ru}4-
(4)][PF6]4 (8), [{(η5-C5H5)(PPh3)2Ru}4(7)][PF6]4 (9),
[{Cl(dppe)2Ru}4(4)][PF6]4 (10) and [{Cl(dppe)2Ru}4(7)][PF6]4
(11)

Following the preparation of 4 and 7, the synthesis of
the first metallodendrimer generation with the two easy-to-
make, readily available and stable ruthenium moieties
[Ru(η5-C5H5)(PPh3)2]+ or [RuCl(dppe)2]+ at the periphery
was initiated. All reactions involving the preparation of
metallodendrimers were carried out under a nitrogen atmo-
sphere by using standard Schlenk techniques. In general
terms, the prepared ruthenium dendrimers in the solid state
here described are air stable (can be handled in air without
particular precautions). These compounds are moderately
stable in common organic solvents, but in halogenated sol-
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Figure 1. Mass spectrum of mononitrile 2 (m/z = 3363) and dinitrile 3 (m/z = 2284).

vents compounds 8 and 9 are less stable, preventing lengthy
13C NMR spectroscopic measurements. In spite of the long
accumulation time, the 13C NMR experiments for metallo-
dendrimers 10 and 11 did not yield sufficient information
to further resolve all the individual carbon resonances.

In a typical experiment, a solution of core 4 or 7
(Scheme 3), [Ru(η5-C5H5)(PPh3)2Cl] (4.5 molar ratio) and
TlPF6 (4.5 molar ratio) in methanol was stirred at room
temperature. The resulting mixture was filtered, and the so-
lid part was quickly extracted with dichloromethane, which
upon solvent evaporation afforded tetrakis-ruthenium den-
drimers 8 or 9 in the form of yellow powders (Scheme 3).

The FTIR spectra of compounds 8 and 9 exhibit the
characteristic nitrile band shifted to higher energies by 16
and 17 cm–1, respectively, when compared with the free ni-
trile. The characteristic bands of the [PF6]– counterions are
also present (840 and 521 cm–1). The existence of only one
nitrile band in the FTIR spectra is indicative that all four
branches are coordinated. The 31P NMR spectra of 8 and
9 are similar, both having the expected multiplet at
–144.18 ppm (J31P,19F = 712 Hz) for the [PF6]– counterion,
and only one singlet for the PPh3 phosphanes (δ ≈ 42 ppm
for compounds 8 and 9). Also in the 1H NMR spectrum,
only one signal is present for the Cp-ring (around δ =
4.4 ppm). This confirms the equivalence of all ruthenium
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moieties around the core for both compounds. These results
are in good agreement with our previous work[8] where we
reported the use of the smaller core N,N,N�,N�-[tetrakis-
(cyanoethyl)ethylenediamine] in the preparation of tetrakis-
ruthenium dendrimers. The tetracoordination is also con-
firmed by TOF-MS (ESI+) analysis, which shows the ex-
pected isotopic distribution of peaks around m/z = 3525.94
[M – PF6]+ and 1691.43 [M – 2PF6]2+ for 8 and m/z =
1806.99 [M – 2PF6]2+ for 9.

For the synthesis of compounds 10 and 11, we chose to
start directly from the five-coordinate cis-[RuCl(dppe)2]-
[PF6] complex, instead of generating it in situ from the com-
plex cis-[RuCl2(dppe)2], as this always resulted in the forma-
tion of a mixture of unidentified impurities that was not
possible to purify. For the general procedure, cores 4 or 7
and cis-[RuCl(dppe)2][PF6] (4.5 molar ratio) were stirred in
1,2-dichloroethane at 90 °C. The resulting mixture was fil-
tered and, after solvent evaporation, afforded yellow pow-
der complexes 10 or 11 (Scheme 4).

The FTIR spectra of compounds 10 and 11 show the
nitrile band slightly shifted to higher energies (5 and 8 cm–1,
respectively) as well as the bands for the counterion (at 840
and 521 cm–1). The 31P NMR spectra of 10 and 11 are quite
similar, both having the expected multiplet at –144.18 ppm
(J31P,19F = 712 Hz) for the [PF6]– counterion, and one singlet
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Scheme 2. Synthesis of N,N,N�,N�-[tetrakis(cyanoethoxypropyl)-
hexamethylenediamine] (7).

for the Ph2PCH2CH2PPh2 phosphanes (at δ ≈ 44 ppm for
both compounds), indicating a trans geometry around the
metal centre for both compounds. To exclude trans-
[RuCl2(dppe)2] (because its chemical shift is similar to that
of complexes 10 and 11) as a reaction product, the
dichloridoruthenium complex was added along with com-
pound 10 or 11 and its 31P NMR spectrum was measured;
a new peak was visible at ≈ 45 ppm. The trans geometry is
in accordance with the result found in the literature for the
reported compound trans-[Ru(CH3CN)2(dppe)2][OTf]2.[15]

The expected ratio of protons for the tetracoordinate prod-
uct (complex/core) was observed in the 1H NMR spectrum
and also confirmed by TOF-MS (ESI+) analysis, which
shows the expected isotopic distribution of peaks around
m/z = 4496.88 [M – PF6]+ and 2175.78 [M – 2PF6]2+ for 10
and m/z = 2292.64 [M – 2PF6]2+ and 1480.48 [M – 3PF6]3+

for 11.
All our efforts to obtain single crystals suitable for X-ray

diffraction from the reported compounds were unsuccess-
ful, probably due to the flexibility of the nitrile poly(alkylid-
enamine) system.

Conclusions
In this work, new nitrile-functionalized poly(alkyliden-

amine) dendrimer cores with an extended inner chain and
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Scheme 3. Synthesis of metallodendrimers 8 and 9.

extended lateral branches were prepared {N,N,N�,N�-[tetra-
kis(cyanoethyl)hexamethylenediamine] (4) and N,N,N�,N�-
[tetrakis(cyanoethoxypropyl)hexamethylenediamine] (7)
cores}. The peripheral functionalization of these dendrimer
cores led to the isolation of the first generation of nitrile-
functionalized poly(alkylidenamine) ruthenium dendrimers
8–11. These metallodendrimers were obtained in good yield
(50–70%) from the organic core by direct reaction with the
organometallic moiety [Ru(η5-C5H5)(PPh3)2Cl] or the five-
coordinate cis-[RuCl(dppe)2][PF6] in methanol (r.t., using
TlPF6 to accomplish the substitution of chlorine) or 1,2-
dichloroethane (under reflux). The experimental data
showed that the metallodendrimers were fully function-
alized with the metal complex moieties [Ru(η5-C5H5)-
(PPh3)2]+ and [RuCl(dppe)2]+ in a tetracoordination man-
ner.

This novel series of metallodendrimers based on poly-
(alkylidenamine) cores belong to a very scarce family of
soluble cationic dendrimers (e.g., in DMSO, a common sol-
vent for biological studies) that use the nitrile group as a
coordination bridge to the organometallic moieties. This
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Scheme 4. Synthesis of metallodendrimers 10 and 11.

work represents a step forward in the knowledge of the
most adequate synthetic strategy for total coordination of
poly(alkylidenamine) nitrile core derivatives to different ru-
thenium complex moieties and confirms the versatility of
these systems as building blocks in metallodendrimer chem-
istry, thus opening the possibility of their use in catalysis or
biological applications.[16]

Experimental Section
General: All reactions and manipulations, except for compounds 4,
5 and 7, were carried out under a dry nitrogen atmosphere by using
standard Schlenk-tube techniques. Prior to use, reagent-grade di-
ethyl ether was distilled from sodium/benzophenone ketyl under a
nitrogen atmosphere. Dichloromethane and 1,2-dichloroethane
were distilled from calcium hydride under a nitrogen atmosphere
and collected prior to use. Absolute methanol was degassed before
use. The compounds cis-[RuCl(dppe)2][PF6][17] and [Ru(η5-
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C5H5)(PPh3)2Cl][11d,18] were prepared according to (modified) lit-
erature methods. All others chemicals were purchased from
ACROS and used as received. In the preparation of compound 4
we followed the general methodology proposed by Meijer.[19]

Physical Measurements: FTIR spectra were recorded with a Nicolet
Avatar 360 FTIR spectrometer, calibrated with polystyrene, in KBr
pellets or NaCl cells; only significant bands are cited in the text.
1H, 13C{1H} and 31P{1H} NMR spectra were recorded with a
Bruker Avance II+ 400 at 299 K (probe temperature). The chemical
shifts (δ) are reported in ppm and referenced to residual solvent
peaks for 1H and 13C. 31P NMR is referenced to external 85%
H3PO4. The mass spectra (TOF-MS) were recorded with a Micro-
mass LCT spectrometer. Elemental analyses were carried out by
using a VariolEL instrument from Elementar Analysensysteme.
Melting points were obtained with Electrothermal 9200 equipment.

General Procedure for the Attempted Synthesis of [{Cl(dppe)2-
Ru}4(1)][PF6]4: N,N,N�,N�-[Tetrakis(cyanoethyl)ethylenediamine]
(1; 0.03 g, 0.11 mmol) was added to a stirring solution of cis-
[RuCl(dppe)2][PF6] (0.5 g, 0.46 mmol) in 1,2-dichloroethane
(10 mL). The resulting mixture was heated at reflux for 96 h at
85 °C. The solution was filtered, evaporated to dryness under vac-
uum and washed several times with Et2O. The reddish powder was
dissolved in a minimal amount of dichloromethane and precipi-
tated again with Et2O to give a yellowish powder. Attempts were
made to purify the final mixture without success. FTIR (KBr): ν̃
= 2247 (νCN), 840 and 521(νPF6

) cm–1. Data for 2: TOF-MS (ESI+):
m/z = 3362.78 [M – PF6]+, 1608.44 [M – 2PF6]2+. Data for 3: TOF-
MS (ESI+): m/z = 2283.67 [M – PF6]+.

[N�C(CH2)2]2N(CH2)6N[(CH2)2C�N]2 (4): At room temperature,
1,6-hexanediamine (1.750 g, 10.00 mmol) was dissolved in H2O
(30 mL) and acrylonitrile (2.5 mL, 38.00 mmol) was added in a
dropwise fashion. The reaction mixture was warmed up to 48 °C
and stirred. After 3 h, the temperature was increased to 80 °C and
acrylonitrile (2.5 mL, 38.00 mmol) was added dropwise. After 3 h,
the heating was stopped, and the mixture was allowed to cool
down. The volatiles were removed by vacuum to afford 4 as a
colourless oil. Yield: 4.739 g (96%). 1H NMR (400 MHz, CDCl3):
δ = 2.85 (t, JH,H = 6.8 Hz, 8 H), 2.54 (t, JH,H = 14.1 Hz, 4 H), 2.47
(t, JH,H = 6.8 Hz, 8 H), 1.46 (m, 4 H), 1.34 (m, 4 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 118.8 (NCCH2-), 53.3, 49.6, 27.3,
26.8, 16.9 ppm. FTIR (liquid): ν̃ = 2247.5 (νCN) cm–1. TOF-MS
(ESI+): m/z = 329.23 [M + H]+, 351.21 [M + Na]+.

[OtBu(C=O)(CH2)2]2N(CH2)6N[(CH2)2(C=O)OtBu]2 (5): To a
solution of 1,6-hexanediamine (1.00 g, 8.61 mmol) in MeOH
(10 mL) was dropwise added tert-butyl acrylate (6.5 mL,
44.8 mmol). The mixture was stirred for 16 h and the volatiles were
removed in vacuo to give a white solid. No further purification was
necessary. Yield: 3.924 g (85%). M.p. 56–57 °C. 1H NMR
(400 MHz, CDCl3): δ = 2.71 (t, JH,H = 14.7 Hz, 8 H), 2.43–2.30
(m, 8 H + 4 H), 1.49–1.39 (m, 36 H + 4 H), 1.26 (m, 4 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 172.1 (R-C=O), 80.1 [-O-C(CH3)3],
53.8, 49.4, 33.7, 28.1, 27.4 ppm. TOF-MS (ESI+): m/z = 629.45 [M
+ H]+, 651.48 [M + Na]+.

[OH(CH2)3]2N(CH2)6N[(CH2)3OH]2 (6): To a suspension of Li-
AlH4 (1.072 g, 28.20 mmol) in THF (20 mL) at 0 °C was added a
solution of 5 (3.700 g, 5.90 mmol) in THF (15 mL) dropwise. The
reaction mixture was stirred at 0 °C for 1 h, brought to room tem-
perature and stirred for another hour. The reaction mixture was
again cooled to 0 °C and quenched with ice. The suspension was
passed through a plug of Celite 545, and the filtrate was dried and
concentrated to obtain 6 as a colourless liquid. Yield: 1.922 g
(94%). 1H NMR (400 MHz, CDCl3): δ = 3.58 (t, 8 H), 2.49 (t, 8
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H), 2.30 (t, 4 H), 1.60 (m, 8 H), 1.38 (br., 4 H), 1.22 (br., 4 H)
ppm. 13C NMR (100 MHz, CDCl3): δ = 62.3, 53.9, 52.8, 28.5, 27.1,
26.4 ppm. TOF-MS (ESI+): m/z = 349.27 [M + H]+, 371.29 [M +
Na]+.

[N�C(CH2)2O(CH2)3]2N(CH2)6N[(CH2)3O(CH2)2C�N]2 (7): Ac-
rylonitrile (1.7 mL, 25.60 mmol) was added to a mixture of 6
(1.781 g, 5.10 mmol) and aqueous NaOH (40%) (0.21 mL) in 1,4-
dioxane (5 mL). The reaction mixture was stirred for 16 h at room
temperature. The solvent was removed to give a brownish residue.
This residue was dissolved in CHCl3 (15 mL), washed with aqueous
HCl (1 ), 5% of aqueous NaOH and brine and dried thoroughly
to afford 7 as a colourless liquid. Yield: 2.591 g (90%). 1H NMR
(400 MHz, CDCl3): δ = 3.61 (t, 8 H), 3.50 (t, 8 H), 2.57 (t, 8 H),
2.46 (t, 8 H), 2.35 (t, 4 H), 1.68 (m, 8 H), 1.39 (m, 4 H), 1.25 (m,
4 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 117.1 (NCCH2-),
69.3, 65.1, 54.0, 50.3, 27.2, 18.7 ppm. FTIR (liquid): ν̃ = 2251 (νCN)
cm–1. TOF-MS (ESI+): m/z = 561.28 [M]+.

[{(η5-C5H5)(PPh3)2Ru}4(4)][PF6]4 (8): [Ru(η5-C5H5)(PPh3)2Cl]
(0.325 g, 0.45 mmol), (4) (0.035 g, 0.11 mmol) and TlPF6 (0.205 g,
0.59 mmol) were introduced with MeOH (30 mL) into a Schlenk
tube. The resulting orange suspension was stirred at room tempera-
ture for 113 h. The yellow suspension was filtered and dried under
vacuum. Then, the yellow solid was quickly extracted with dichlo-
romethane to prevent decomposition. Solvent removal afforded a
bright yellow powder. Pure 8 was obtained after washing the pow-
der with Et2O (3� 15 mL). Yield: 0.279 g (74%). M.p. 196–197 °C.
1H NMR (400 MHz, CDCl3): δ = 7.40–6.90 (m, 24 H + 48 H + 48
H, PPh3), 4.46 (s, 20 H, C5H5), 2.53 (br., 8 H) 2.39 (br., 16 H), 2.22
(br., 8 H), 1.20 (br., 8 H; overlapped with the solvent peaks) ppm.
31P NMR (161 MHz, CDCl3): δ = 41.8 (s, PPh3), –144.18 (m,
J31P,19F = 712 Hz, PF6) ppm. FTIR (KBr): ν̃ = 2263 (νCN), 840 and
521(νPF6

) cm–1. TOF-MS (ESI+): m/z = 3525.94 [M – PF6]+,
1691.43 [M – 2PF6]2+. C182H168F24N6P12Ru4·1/2CH2Cl2 (3713.71):
calcd. C 59.02, H 4.59, N 2.26; found C 58.99, H 4.61, N 2.34.

[{(η5-C5H5)(PPh3)2Ru}4(7)][PF6]4 (9): [Ru(η5-C5H5)(PPh3)2Cl]
(0.408 g, 0.56 mmol) and 7 (0.070 g, 0.12 mmol) were introduced
with MeOH (35 mL) into a Schlenk tube. To the orange suspension
was added TlPF6 (0.205 g, 0.59 mmol), and the mixture was stirred
at room temperature for 41 h. The yellow suspension was filtered
and dried under vacuum. Then, the yellow product was quickly
extracted with dichloromethane. Solvent removal gave a bright yel-
low powder. Pure 9 was obtained after washing the powder with
Et2O (3�15 mL). Yield: 0.307 g (63%). M.p. 125 °C (decomp.). 1H
NMR (400 MHz, CDCl3): δ = 7.40–6.90 (m, 24 H + 48 H + 48 H,
PPh3), 4.44 (s, 20 H, C5H5), 3.31 (br., 8 H + 8 H), 2.84 (br., 8 H
+ 4 H), 1.28 (br., 4 H + 4 H) ppm. 31P NMR (161 MHz, CDCl3):
δ = 41.6 (s, PPh3), –144.18 (m, J31P,19F = 712 Hz, PF6) ppm. FTIR
(KBr): ν̃ = 2268 (νCN), 840 and 521(νPF6

) cm–1. TOF-MS (ESI+):
m/z = 1806.99 [M – 2PF6]2+. C194H192F24N6O4P12Ru4·3/5CH2Cl2
(3954.52): calcd. C 59.10, H 4.92, N 2.13; found C 58.94, H 4.93,
N 2.32.

[{Cl(dppe)2Ru}4(4)][PF6]4 (10): To a solution of cis-[RuCl(dppe)2]-
[PF6] (0.670 g, 0.62 mmol) in 1,2-dichloroethane (10 mL) was drop-
wise added 4 (0.045 g, 0.14 mmol) dissolved in 1,2-dichloroethane
(10 mL). The resulting red solution was heated at reflux for 96 h.
The solution was filtered, evaporated to dryness under vacuum and
washed several times with Et2O. The reddish powder was dissolved
in a minimal amount of dichloromethane and reprecipitated with
Et2O to give a yellowish powder. Yield: 0.148 g (47%). M.p. 226 °C
(decomp.). 1H NMR (400 MHz, CDCl3): δ = 7.80–6.50 (m, 160 H,
PPh2), 2.79 (br., 32 H, PCH2CH2P), 1.95 (br., 4 H), 1.74 (br., 16
H), 1.26 (br., 8 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 134.3,
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132.6, 130.2, 128.8, 127.8, 52.2, 47.9, 29.5, 27.6, 18.7 ppm. 31P
NMR (161 MHz, CDCl3): δ = 44.1 (s, PPh2), –144.18 (m, J31P,19F

= 712 Hz, PF6) ppm. FTIR (KBr): ν̃ = 2252 (νCN), 840 and
521(νPF6

) cm–1. TOF-MS (ESI+): m/z = 4496.88 [M – PF6]+,
2175.78 [M – 2PF6]2+. C226H220Cl4F24N6P20Ru4·1/4CH2Cl2
(4662.97): calcd. C 58.28, H 4.77, N 1.80; found C 58.19, H 4.85,
N 1.92.

[{Cl(dppe)2Ru}4(7)][PF6]4 (11): cis-[RuCl(dppe)2][PF6] (0.525 g,
0.49 mmol) in 1,2-dichloroethane (30 mL) was added to compound
7 (0.063 g, 0.11 mmol) by cannula. The resulting red solution was
heated at reflux for 65 h. The solution was filtered, evaporated to
dryness under vacuum and washed several times with Et2O. The
reddish powder was dissolved in a minimal amount of dichloro-
methane and reprecipitated with Et2O to give a yellowish powder.
Yield: 0.319 g (70%). M.p. 174–176 °C. 1H NMR (400 MHz,
CDCl3): δ = 7.80–6.50 (m, 160 H, PPh2), 3.41 (br., 8 H), 2.93 (br.,
8 H), 2.71 (br., 32 H, PCH2CH2P), 1.85 and 1.76 (br., 14 H), 1.21
(br., 8 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 134.4, 132.3,
130.6, 128.7, 127.9, 69.0, 64.9, 54.0, 50.7, 29.4, 21.8 ppm. 31P NMR
(161 MHz, CDCl3): δ = 44.1 (s, PPh2), –144.18 (m, J31P,19F =
712 Hz, PF6] ppm. FTIR (KBr): ν̃ = 2259 (νCN), 840 and 521(νPF6

)
cm–1. TOF-MS (ESI+): m/z = 2292.64 [M – 2PF6]2+, 1480.48 [M –
3PF6]3+. C238H244Cl4F24N6O4P20Ru4·1.7CH2Cl2 (5018.44): calcd.
C 57.37, H 4.97, N 1.67; found C 57.39, H 4.95, N 1.62.

Supporting Information (see footnote on the first page of this arti-
cle): Spectroscopic data are available for compounds 4–11.
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