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ABSTRACT. Association of [60]fullerene with arene ruthenium moieties has
been achieved for the first time. Two fullerenopyrrolidine derivatives (Npy-Ceo)
were synthesized via a 1,3-dipolar cycloaddition, and coordinated to arene
ruthenium complexes to form two half-sandwich complexes of the general
formula (p-cymene)RuClz(Npy-Cso). The coordination of the fullerenopyrrolidines
to the arene ruthenium unit was evidenced by NMR spectroscopy and mass
spectrometry, thus confirming the formation of these novel arene ruthenium
complexes.

Keywords: fullerene; arene ligand; ruthenium; pyridyl ligand; half-sandwich
complexes

INTRODUCTION

In the last 25 years, a lot of progress has been made to the chemistry
of fullerenes [1]. However, the most stable and abundant member of the
fullerene family, [60]fullerene (Ceso), remains the most popular derivative [2].
In spite of this popularity, its direct application is often hampered by its poor
solubility and processability. Functionalization of the Cgo by reactions such as
Bingel and 1,3-dipolar cycloaddition has allowed an expansion of the fullerene
chemistry [3]. A wide range of fullerene derivatives have since been synthesized
by combining the electron acceptor fullerene with various donors such as
tetrathiafulvalenes, conjugated oligomers, porphyrins and ferrocenes [4].
The study of these materials for their intramolecular photo-induced energy and
electron transfer processes has shown useful properties for applications in
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solar cell technologies [5]. This photochemical property of fullerene has been
particularly interesting in systems containing coordinating metals. Complexes
combining fullerene and d® or d'® metal ions have shown to exhibit long
lived metal-to-ligand charge transfer excited state which stimulated photo-
induced electron transfer to the fullerene sphere [6]. Such systems are good
candidates for photovoltaic devices. For example, fullerene-based tris(2,2’-
bipyridine)ruthenium(ll) complexes have been found to possess good energy
conversion efficiencies [7]. Other ruthenium-fullerene complexes have been
synthesized, like (n%-CesMes)RuUCI(CO),, for potential applications in material
science and catalysis, yet, the association of fullerene with ruthenium remains
generally unexplored [8].

Half-sandwich arene ruthenium complexes, which are an important part
of the ruthenium chemistry, have been increasingly used in the development of
organometallic chemistry [9]. The arene ligand provides a better control for the
coordination of ligands to the metal center and protects the ruthenium center
from rapid oxidation [10]. These complexes adopt a pseudo-tetrahedral geometry,
with the potential of coordinating three different ligands to the ruthenium center.
Mono- and polydentate pyridyl-based ligands have been used extensively for
coordination to arene ruthenium moieties, thus resulting in mono- and polynuclear
supramolecular assemblies. Moreover, arene ruthenium complexes have found
applications in different fields, including anticancer research [11], catalysis [12]
and liquid-crystalline material [13].

Despite widespread studies in these two individual fields, to the best of
our knowledge, the combination of fullerene with arene ruthenium unit has yet
to be accomplished. We hereby report the synthesis and characterization of
the first fullerene-based arene ruthenium complexes.

RESULTS AND DISCUSSION

The Npy-Cso compounds 3 and 4 (Scheme 1) were synthesized under
standard 1,3-dipolar cycloaddition conditions by the addition of the pyridine
N-modified glycines 1 or 2 to [60]fullerene in the presence of formaldehyde.
Compounds 1 and 2 were in turn prepared by reacting the commercially
available 4-(aminomethyl)pyridine with the corresponding alkyl bromides,
tert-butyl bromoacetate and 2-[2-(2-methoxyethoxy)ethoxy]ethyl bromoacetate,
respectively. Treatment of 3 and 4 with 0.5 molar equivalent of (p-cymene),Rux(u-
CI).Cl, gave the neutral half-sandwich (p-cymene)RuUCly(Npy-Cso) complexes 5
and 6, which were isolated in excellent yields as dark solids. The two complexes
showed good solubility in organic solvents, but remained insoluble in water.
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Scheme 1. Synthesis of complexes 5 and 6, and the Npy~Ceo derivatives 3 and 4
starting from alkyl bromides and primary amines. Reagents and conditions:
i. NEts, THF, 0°C fo rt, 16h, 1: 60%, 2: 32%, ii. toluene, 110°C, 16h, 3: 51%,
4: 24%, iii. CH2Cly, reflux, 24h, in the dark, 5: 98%, 6: 92%.

The 'H NMR spectra of the Ny-Ceo derivatives 3 and 4 revealed the
expected signals for this family of fullerenopyrrolidines [15]. One characteristic
feature of such compounds is that the methylene protons located in a positions
with respect to the pyrrolidine nitrogen are diastereotopic due to the asymmetric
carbon on the pyrrolidine unit (the asymmetric carbon being identified with an
asterisk in Scheme 1). For instance, the protons of the CH, group linking the
pyrrolidine to the pyridine, which appear as a doublet at & = 3.30 ppm in
compound 1 (see experimental section), can be seen as two doublets in 3, at
0 =4.93 and 4.30 ppm, respectively. Similarly, the CH. protons of the pyrrolidine
group (6 = 3.81 ppm in 1) are now observed as two doublets at & = 4.69 and
4.14 ppm in 3 (Figure 1). Moreover, complexation to the ruthenium center results
in a major downfield shift of the signal corresponding to the protons of the
pyridyl groups, mainly Hq (A® = +0.4 ppm) and Hg (Ad = +0.1 ppm) (Figure 1).
This is characteristic for the coordination of a pyridyl moiety to an arene ruthenium
unit [16]. However, the other protons of the Np-Ceo ligands 3 and 4 do not
undergo any significant shift as a result of the complexation.

The formation of the complexes was also confirmed by electrospray
mass spectrometry (ESI-MS). However, the two complexes behave differently
under the ESI-MS conditions. Complex 5 showed a cationic species at m/z =
1225.1, which can be assigned to complex 5 after the loss of a chloride anion,
[5 - CII*, while in 6, a sodium adduct was found at m/z = 1363.2, [6 + Na]*. The
loss of a chloride atom in dichloropyridyl arene ruthenium complexes is
relatively common under ESI-MS conditions [17]. Similarly, the formation of
sodium adducts has been observed previously [18]. In addition to the peak
[5 - ClJ* for complex 5, the mass peak observed at n/z = 1475.3 corresponds to a
dinuclear species in which the Bu group is lost and insertion of a (p-cymene)RuCl
unit occurs, thus giving rise to the adduct [5 - ‘Bu + (p-cymene)RuCl + HJ]*
(Figure 2).
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Figure 1. Comparative 'H NMR spectra of compounds 3 and 5 (400 MHz, CD2Cl>).
The pyrrolidine CHz protons and the exocyclic CH2
are indicated with m and e, respectively.
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Figure 2. ES| mass spectrum of 5 (in CHCI3/CHsCN).
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CONCLUSIONS

Two (p-cymene)RuClx(N,y-Ceo) complexes have been synthesized and
characterized by NMR spectroscopy and ESI mass spectrometry. These
complexes can be exploited for further reactions to afford other derivatives (to
be published). Such fullerene-based arene ruthenium complexes and their
congeners can be of interest for applications in biomedical, catalysis and
material science.

EXPERIMENTAL SECTION

Toluene (NaH, under N2), THF (K and Na, under N2) and CHxCl, (P20Os,
under N.) were distilled prior to use. [60]Fullerene (99.9%) was purchased from
Materials and Electrochemical Research (MER) Corporation, Tucson (AZ), USA.
4-(Aminomethyl)pyridine and all other reagents were commercially available
(Sigma-Aldrich), while (p-cymene).Ruz(u-Cl)2Cl> was prepared according to
literature [19].

Column chromatography was performed using silica gel (Chemie
Brunschwig, Basel, Switzerland, 63-200, 60A). Size exclusion chromatography
was carried out using size exclusion gel Bio-Rad SX1 with the range of mass
operation between 600 and 14000 Da. NMR spectra were measured in CDCl3
or in CDCl, on a Bruker AMX-400 (400 and 100 MHz) or a Bruker Advance-400
spectrometer and are reported in ppm on the & scale. The mass spectrometry
measurements were performed on a LCQ-IT Finnigan or on a Bruker FRMS
4.7T BioAPEX Il for ESI.

Preparation of tert-butyl(pyridin-4-yl-methyl)glycinate, 1

To a solution of 4-(aminomethyl)pyridine (0.81 g, 7.50 mmol) and
triethylamine (1.52 g, 15.00 mmol) in dry THF (40 mL), a THF solution (25 mL) of
tert-butyl bromoacetate (0.98 g, 5.00 mmol) was added dropwise at 0°C. After
16h of reaction at RT, the solvent was evaporated and the residue was dissolved
in dichloromethane (50 mL). The organic phase was washed (H20), dried
(MgSOQ.) and evaporated. Purification of the residue by column chromatography
(eluent CH2Cl,/MeOH 10/0.75) gave pure 1 as an orange/red liquid with a yield
of 60% (0.66 g). '"H NMR (400 MHz, CDCls, ppm): & = 8.54 (d, 3Jh+ = 6.0
Hz, 2H, Hq pyridine), 7.27 (d, 3Ju-.n = 5.6 Hz, 2H, Hg pyridine), 3.81 (s, 2H,
CH2CO2Bu), 3.30 (s, 2H, CH2Chyridine), 2.09 (s, 1H, NH), 1.46 (s, 9H, C(CHa)s).
3C NMR (100 MHz, CDCls, ppm): & = 171.25, 149.54, 148.92, 123.18, 81.63,
51.89, 50.79, 28.12. MS (ESI(+)) = 223.3 [M + H]*.
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Preparation of 2-(2-(2-methoxyethoxy)ethoxy)ethyl(pyridin-4-yl-
methyl)glycinate, 2

Compound 2 was prepared and purified as 1, from 4-(aminomethyl)pyridine
(0.16 g, 1.50 mmol), triethylamine (0.30 g, 3.00 mmol), 2-(2-(2-methoxyethoxy)
ethoxy)ethyl bromoacetate (0.28 g, 1.00 mmol) and dry THF (80 mL).
Product 2 was isolated as a pale yellow liquid with a yield of 32% (0.10 g).
'"H NMR (400 MHz, CDCls, ppm): & = 8.56 (d, 3Ji+n = 6.1 Hz, 2H, Hq pyridine),
7.28 (d, 3Jun = 6.1 Hz, 2H, Hg pyridine), 4.30 (t, 3Jn.n = 4.7 Hz, 2H, Hpeg), 3.87
(s, 2H, CH2Cpyridine), 3.68-3.71 (m, 2H, Hpeg), 3.63-3.66 (M, 6H, Hpeg), 3.53-3.55
(m, 2H, Hpeg), 3.45 (s, 2H, CH2COgq), 3.37 (s, 3H, OCHs). *C NMR (100
MHz, CDCls, ppm): & = 171.86, 149.27, 123.31, 71.90, 70.58, 68.96, 64.04,
61.64, 59.00, 51.72, 49.82. MS (ESI(+)) = 313.3 [M + HJ".

Preparation of tert-butyl(N-ethylpyridine)fullerenopyrrolidine
carboxylate, 3

To a solution of [60]fullerene (0.36 g, 0.50 mmol) in dry toluene (300 mL),
a suspension of 1 (0.11 g, 0.50 mmol) and para-formaldehyde (0.07 g, 2.50
mmol) in dry toluene (10 mL) was added. The mixture was stirred under reflux
for 16h in the dark and evaporated to dryness. Purification of the solid by
column chromatography (first with toluene to eliminate unreacted [60]fullerene,
and then with toluene/MeOH 20:1) gave 3 as a shiny black solid with a yield of
51% (0.24 g). 'H NMR (400 MHz, CD.Cl,, ppm): & = 8.69 (d, 3Jun = 5.2 Hz,
2H, Hq pyridine), 7.70 (d, 3Jun = 5.3 Hz, 2H, Hg pyridine), 5.04 (s, 1H,
CHCO2Bu), 4.96 (d, 3Ju+ = 9.3 Hz, 1H, HCHCyridine), 4.69 (d, 3Jnn = 14.0 Hz,
1H, HCprrrolidine), 4.32 (d, 3JH.H =93 HZ, 1H, HCHprridine), 414 (d, 3JH.H =14.0
HZ, 1H, HCprrroIidine), 1.53 (S, 9H, C(CH3)3) 3C NMR (100 MHZ, CD2C|2, ppm)
0 = 168.58, 154.49, 153.76, 152.44, 151.22, 150.14, 147.34, 146.95, 146.23,
146.01, 145.33, 145.21, 144.58, 144.44, 143.02, 142.56, 142.17, 142.11, 142.05,
142.04, 141.74, 140.18, 140.13, 138.69, 139.28, 136.33, 135.99, 132.27, 123.61,
83.16, 76.79, 72.76, 69.49, 67.73, 64.85, 54.73, 27.98. MS (ESI(+)) = 956.1 [M +
H]*.

Preparation of 2-(2-(2-methoxyethoxy)ethoxy)ethyl(IN-
ethylpyridine)fullerenopyrrolidine carboxylate, 4

Compound 4 was prepared as 3, from [60]fullerene (0.13 g, 0.16 mmol),
para-formaldehyde (0.02 g, 0.70 mmol), and 2 (0.04 g, 0.14 mmol) in dry toluene
(250 mL). Purification of the solid by column chromatography (first with toluene
and then with CH.Cl./MeOH 20:1) and a size exclusion column of Bio-Rad
SX1 (eluent toluene) afforded 4 as a brown solid with a yield of 24% (0.07 g).
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H NMR (400 MHz, CD;Clo, ppm): & = 8.69 (d, 3Jh+= 4.9 Hz, 2H, Hq pyridine),
7.70 (d, 3w+ = 5.6 Hz, 2H, Hg pyridine), 5.23 (s, 1H, CHpegCO2), 4.97 (d, 3Jin =
9.4 Hz, 1H, HCHoyroidine), 4.68 (d, 3Jun = 14.1 Hz, 1H, HCHoymoicine), 4.44-4.48
(M, 2H, Hoeg), 4.35 (d, 3Jin = 9.5 Hz, TH, HCHCoyrigine), 4.14 (d, 3+ = 14.1 Hz,
1H, HCHC pyrdine), 3.62-3.73 (M, 2H, Hyeg), 3.54-3.45 (m, 8H, Hpeg), 3.30 (s, 3H,
OCHs). 13C NMR (100 MHz, CD;Cl,, ppm): & = 170.12, 155.00, 150.79, 147.31,
146.87, 146.69, 145.65, 146.63, 146.37, 146.24, 146.21, 145.85, 145.83, 143.25,
14322, 143.19, 142.83, 142.81, 142.67, 142.54, 142.39, 142.37, 142.36, 124.30,
77.12, 73.32, 72.45, 71.09, 70.99, 70.06, 69.44, 65.45, 65.19, 59.20, 55.40,
30.26. MS (ESI(+)) = 1045.4 [M + HJ".

Preparation of dichloro(p-cymene)(tert-butyl(N-
ethylpyridine)fullerenopyrrolidine carboxylate)ruthenium(ll), 5

A solution of (p-cymene):Rux(u-Cl).Cl> (0.05 g, 0.10 mmol) and 3
(0.19 g, 0.20 mmol) in dry CHxCl, (50 mL) was stirred under reflux for 24h.
After evaporation to dryness, product 5 was obtained as a brown solid with a
yield of 98% (0.24 g). '"H NMR (400 MHz, CD,Cl,, ppm): & = 9.08 (d, 3Jn+ = 6.6
Hz, 2H, Hq pyridine), 7.79 (d, 3Ju.n = 6.1 Hz, 2H, Hg pyridine), 5.45-5.47 (m, 2H,
Heymene), 5.25 (d, 3Jh+ = 6.0 Hz, 2H, Heymene), 5.11 (s, 1H, CHCO2'Bu), 4.97 (d,
3Jhn = 9.4 Hz, 1H, HCHCyrigine), 4.77 (d, 3Jhn = 15.1 Hz, 1H, HCH,yrrolidine), 4.32
(d, 3Jh-n = 9.4 Hz, 1H, HCHCypyrigine), 4.20 (d, 3Jn-n = 15.1 Hz, 1H, HCHoyroiine),
2.98 (sept, 3Jun = 6.9 Hz, 1H, CH(CHa).), 2.09 (s, 3H, CH3Carom), 1.53 (s, 9H,
C(CHs3)3), 1.33 (d, 3Jn-+ = 7.0 Hz, 6H, CH(CHs3)2). 3C NMR (100 MHz, CD,Cls,
ppm): & = 169.09, 155.45, 150.82, 147.06, 146.86, 146.63, 146.38, 146.26,
146.19, 145.98, 145.83, 145.22, 145.02, 143.60, 143.23, 142.77, 142.66, 142.37,
140.78, 136.89, 136.64, 124.62, 103.86, 97.57, 84.01, 83.50, 83.38, 82.75,
82.72, 77.42, 73.28, 70.11, 65.44, 54.67, 53.46, 31.23, 30.24, 28.61, 22.57,
22.55,18.53. MS (ESI(+)) = 1225.12 [M - CI]*.

Preparation of dichloro(p-cymene)(2-(2-(2-
methoxyethoxy)ethoxy)ethyl(N-ethylpyridine)fullerenopyrrolidine
carboxylate)ruthenium(ll), 6

Compound 6 was prepared and purified as 5, from (p-cymene)Rux(p-
CI)Cl> (0.01 g, 0.02 mmol), 4 (0.05 g, 0.04 mmol) in dry CHxCl> (5 mL).
Product 6 was obtained as a black solid with a yield of 92% (0.05 g). 'H NMR
(400 MHz, CDCly, ppm): & = 9.08 (d, 3Ju+ = 6.7 Hz, 2H, Hq pyridine), 7.80 (d,
3Jhn = 6.4 Hz, 2H, Hg pyridine), 5.44-5.47 (m, 2H, Heymene), 5.31 (s, 1H,
CHpegCOy2), 5.25 (d, 3Jhn = 5.9 Hz, 2H, Heymene), 4.98 (d, 3Jun = 9.5 Hz, 1H,
HCprrroIidine), 4.77 (d, 3JH_H =15.1 HZ, 1H, HCprrroIidine), 4.44-4 47 (m, 2H, Hpeg),
4.35 (d, 3duu = 9.4 Hz, 1H, HCHCyidine), 4.20 (d, 3Juu = 15.1 Hz, 1H,
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HCHCpyridine), 3.71-3.60 (M, 2H, Hyeg), 3.45-3.55 (M, 8H, Hpeg), 3.31 (s, 3H,
OCHs), 2.95-3.02 (m, 1H, CH(CHs)), 2.09 (s, 3H, CHsCarom), 1.33 (d, 3 =
6.9 Hz, 6H, CH(CHs)2). *C NMR (100 MHz, CD,Cly, ppm): & = 170.04, 155.47,
154.99, 154.74, 153.71, 151.40, 150.60, 148.00, 149.86, 147.05-145.85, 145.23,
145.11, 144.96, 143.63, 143.21, 142.81, 142.68-142.44, 142.38, 140.88, 140.81,

140.

29, 140.15, 138.25, 136.93, 136.82, 136.10, 124.66, 103.90, 97.55, 83.45,

83.36, 82.76, 77.09, 73.20, 72.43, 71.05, 70.97, 70.95, 70.05, 69.36, 65.42,
65.28, 59.20, 31.24, 22.56, 18.54. MS (ESI(+)) = 1363.2 [M + Na]*.
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