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Abstract

The electrochemistry of 1,1?-bis(diphenylphosphino)ferrocene (dppf) derivatives of Ru3(CO)12 was investigated. Two known

compounds [Ru3(CO)8(m-dppf)2 (1) and Ru3(CO)10dppf (2)] and a new compound [Ru3(CO)11(m-dppf)Ru3(CO)11 (3)] were

prepared. Compound 3 was characterized spectroscopically and an X-ray crystal structure was obtained. The reductive

electrochemistry of 1 and 2 showed an irreversible reduction and a follow-up oxidation, similar to Ru3(CO)12. The electrochemistry

of compound 3 showed two irreversible waves and a follow-up oxidation. A trend in the reduction potential vs. the number of

coordinated phosphorus atoms was noted. The oxidative electrochemistry of 1�/3 showed a dppf-based chemically reversible wave,

and an irreversible wave similar to that of Ru3(CO)12. Trends were also noted between the oxidation potential and the number of

coordinated phosphorus atoms.

# 2003 Elsevier B.V. All rights reserved.
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1. Introduction

1,1?-Bis(diphenylphosphino)ferrocene (dppf) is quite

remarkable due to the various coordination modes that

it can adopt to match the sterics of the existing

molecular environment [1,2]. The most common coor-

dination mode of dppf is bidentate, in which it bonds to

one metal in the same structural unit as seen in

M(CO)4(h2-dppf) (M�/Cr, Mo, or W) [3]. Compounds

are also known where dppf bonds in a unidentate mode

leaving an uncoordinated phosphorus atom, for exam-

ple M(CO)5(h1-dppf) (M�/Cr, Mo, or W) [3]. In cluster

compounds dppf can be bonded in a variety of modes

such as closed-bridged and open-bridged [1,2]. In the

closed-bridge mode, dppf is bonded to two different

metals in the same cluster as in Fe3(CO)10(dppf),

whereas in the open-bridged mode, dppf is bonded to

metals in different clusters as seen in [Fe3(CO)11]2(m-

dppf) [4].

Not only does dppf have a variety of interesting

bonding modes, it also displays interesting properties.

The primary use of dppf has been as a ligand in

catalysis. For example, the dechlorination of highly

chlorinated PCB’s occurs under mild conditions using

[PdCl2(h2-dppf)] as the catalyst [5]. There are a variety

of factors that can influence the catalytic properties of

compounds containing dppf, one of which is the redox

active ferrocene backbone of dppf [1]. The dppf ligand

can enhance the electron transfer properties of the
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catalyst thereby enhancing the activity of the catalyst [6].

By investigating the electronic nature of dppf-containing

compounds, the catalytic activity of these compounds

can be better understood.
Previous studies have investigated the electrochemical

behavior of dppf in a variety of solvents [7�/10]. In

contrast to the simple one electron oxidation of ferro-

cene, the electrochemistry of dppf is more complicated.

The electrochemistry of a variety of compounds contain-

ing dppf has been investigated, however very few of

those have been cluster compounds [1]. While electro-

chemical studies have been performed on two dppf-
containing derivatives of Fe3(CO)12 [4], it is somewhat

surprising that no derivatives of Ru3(CO)12 have been

investigated.

Two derivatives of Ru3(CO)12 containing dppf have

been reported [11]. In both compounds,

Ru3(CO)8(dppf)2 (1) and Ru3(CO)10dppf (2), dppf acts

as a closed bridge ligand to the ruthenium cluster (Fig.

1). We report the synthesis and characterization of a
new ruthenium cluster, 3, which contains an open-

bridged dppf ligand linking two Ru3 units. The mole-

cular structure of the new compound was obtained and

compared to related open-bridged ruthenium cluster

compounds. Finally, the electrochemistry of compounds

1�/3 was investigated and compared to Ru3(CO)12, dppf

and a series of analogous Fe3 clusters.

2. Results and discussion

A variety of experimental conditions were explored in
an attempt to synthesize compound 3. In all cases, the

signal for free dppf in the 31P-NMR (d�/�/16.9 ppm)

was monitored to determine when the dppf was con-

sumed. The optimal preparation of 3 employed sodium

benzophenone ketyl as the catalyst and did not result in

formation of 2. Compound 3 was purified by column

chromatography on silica gel.

A complete spectroscopic study of 3 was performed
using NMR. The 1H-NMR of 3 in CDCl3 showed a

multiplet for the aryl protons at d 7.39 and two broad

singlets for protons of the monosubstituted cyclopenta-

dienyl rings of dppf. The integral values were in

agreement with expected number of protons. The

assignment of the carbons was based upon the coupling

constants and DEPT data. The 13C�/
1H HECTOR and

1H�/
1H COSY aided in the assignment of the protons. A

31P�/
1H HECTOR was obtained, but was not useful in

assigning the aryl protons. The 1H and 13C-NMR data

for 2 were in good agreement with prior studies,

however the 31P{1H}-NMR spectrum of 2 has not

been reported previously [11]. The chemical shifts for 2

and 3 are nearly identical, making it difficult to

distinguish the two compounds exclusively by
31P{1H}-NMR.

The iron analogues of 2 (2Fe) and 3 (3Fe) have been

prepared and characterized by Stein and Fujiwara [4].

The 13C{1H}-NMR data for compounds 3 and 3Fe are

quite similar however, the carbonyl peak of 3Fe is

reported to be a broad singlet due to scrambling of the

CO ligands [4]. The 31P{1H}-NMR of 2Fe is a singlet at

41.5 ppm while 3Fe is a singlet at 49.3 ppm [4]. The

difference of ca. 20 ppm between the Fe and Ru

compounds is a reflection of the difference in the

electron donating ability of the metal in the cluster.

Metals are more electron rich going down a family on

the periodic table [12]. It is also common to see a trend

of upfield shifts in a series of compounds in which a

phosphorus atom is bound to the different metals in a

group. For example, the 31P{1H} signal for (CO)4M(h2-

dppf) (M�/Cr, Mo, or W) shifts further upfield going

down the group [3]. Compared to the ruthenium

analogs, 2Fe and 3Fe have a greater difference in

chemical shift, ca. 8 ppm, making identification of

each species by 31P-NMR easier. The IR spectra of the

iron compounds were significantly different from the

related ruthenium compounds. The iron analogues

showed an IR band around 1790 cm�1 which was

assigned to bridging carbonyl ligands [4]. There is not a

band that could be attributed to a bridging carbonyl in

the IR spectrum of 2 [11] or 3. This is not surprising as

bridging carbonyls are observed in Fe3(CO)12, but not in

Ru3(CO)12 [13].

Additional support for the lack of bridging carbonyls

can be seen in the crystal structures of 2 [11] and 3 (Fig.

2). The dppf ligand in 3, adopts an antiperiplanar

geometry, which is defined as having a t angle of 1808
[1,2]. The phosphorus atoms lie out of the cyclopenta-

dienyl plane on the side away from the iron center, as

anticipated for dppf in an open-bridging mode [1,2].

Select bond distances and angles are listed in Table 1.

Fig. 1. Derivatives of Ru3(CO)12 containing dppf.
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The open-bridging bonding mode of dppf observed in

compound 3 has similar bonding characteristics to other

open-bridged ruthenium clusters. The Ru�/P distance in

3 is comparable to those found in the related structures

[Ru3(CO)11]2dppe (2.345(2) Å) and [Ru3(CO)11)]2dppbz

(2.357(3) Å where dppbz�/1,4-bis(diphenylphosphi-

no)benzene) [14]. The Ru�/Ru bond cis - to the phos-

phorus atom in 3 is the longest Ru�/Ru bond. This

feature has been noted in other Ru3(CO)12 derivatives

such as Ru3(CO)11(PFcPh2) [11], [Ru3(CO)11]2dppe [14]

and [Ru3(CO)11)]2dppbz [14]. In addition, the axial (out

of the Ru3 plane) Ru�/C bonds of 3 are slightly longer

than the equatorial (in the Ru3 plane) Ru�/C bonds; a

similar pattern was observed in Ru3(CO)11(PFcPh2) [11],

[Ru3(CO)11]2dppe [14] and [Ru3(CO)11)]2dppbz [14]. A
noteworthy difference is that there is significant twisting

of the Ru3 cluster in compound 3 as noted in the average

C�/Ru�/Ru�/C torsion angle of 33.48. This is substan-

tially larger than the analogous torsion angles in

Ru3(CO)12 (1.788) [15], Ru3(CO)11(PFcPh2) (13.18) [11]

and Ru3(CO)10dppf (28.48) [11]. This twist does not

appear to be a function of chelate phosphines in an

open-bridging coordination mode as the average torsion
angles in [Ru3(CO)11]2dppe and [Ru3(CO)11)]2dppbz are

ca. 3.48 [14]. The only other monophosphine derivative

of Ru3(CO)12 with an average torsion angle similar to 3

is Ru3(CO)11[(h1:h5-C2P3
t Bu2)FeCp*] (32.48) [16]. It is

unclear why dppf causes such an extreme distortion of

the Ru3 core in 3. It does not appear to be due to the

ferrocenyl group as the average torsion angle in

Ru3(CO)11(PFcPh2) (13.18) [11] is only slightly larger
than that of Ru3(CO)11(PPh3) which is 8.388 [17].

Cyclic voltammetry was used to determine the reduc-

tion and oxidation potentials for compounds 1�/3 and

ruthenium dodecacarbonyl. The decamethylferrocene/

decamethylferrocenium couple was used as a standard

for all measurements taken. This choice was made

instead of using the more typical ferrocene/ferrocenium

couple because the compounds showed waves at poten-
tials similar to ferrocene, which would make it difficult

to distinguish the response of the compounds. The

standard potential difference of 0.55 V for Fc*0/� vs.

Fc0/� was then used to establish the potentials of the

ruthenium cluster compounds relative to ferrocene [18].

The electrochemistry of dppf and Ru3(CO)12 has been

studied using a variety of conditions. There is no

reductive electrochemistry of dppf in DCM. There is
an oxidative wave at 0.23 V vs. Fc0/� however, unlike

ferrocene, it is not a simple one-electron process [10].

The oxidative and reductive electrochemistry of

Ru3(CO)12 has also been studied in DCM. The reduc-

tion of Ru3(CO)12 occurs at ca. �/1.44 V vs. Fc0/� [19];

it is a two-electron process, which leads to cleavage of an

Ru�/Ru bond and formation of Ru3(CO)12
2� [21]. Upon

reversing the scan, an irreversible anodic wave is
observed. The nature of this oxidation has received

considerable attention, and a thorough investigation by

Rieger determined that this wave is due to oxidation of

the initially formed dianion [22]. In DCM, the potential

of this wave is highly dependent on the coordinating

ability of the supporting electrolyte anion. For example,

the anodic wave occurs at �/0.89 V in NBu4
�ClO4

� [19]

as compared to �/0.50 V in PPN�OAc� [19] and this
difference is attributed to coordination of the acetate

anion [21]. Our results for the reduction of Ru3(CO)12 in

DCM with NBu4
�PF6

� supporting electrolyte are con-

sistent with other non-coordinating anions (Table 2). In

Fig. 2. ORTEP of the molecular structure of 3.

Table 1

Select bond lengths (Å) and angles (8) for [Ru3(CO)11]2(m-dppf), 3

Bond distances

Ru1�/Ru3 2.8459(7) Ru1�/Ceq (avg.) 1.925

Ru2�/Ru3 2.8980(7) Ru2�/Ceq (avg.) 1.931

Ru1�/Ru2 2.8491(8) Ru3�/Ceq 1.871(6)

Fe�/C (avg.) 2.045 Cax�/O (Ru1 & Ru2 avg.) 1.140

Ru3�/P 2.3529(16) Cax�/O (Ru3 avg.) 1.144

P�/P 7.161 a Ceq�/O (Ru1 & Ru2 avg.) 1.122

Ru1�/Cax (avg.) 1.943 Ceq�/O (Ru3) 1.149(7)

Ru2�/Cax (avg.) 1.942 Avg. dP
b �/

0.260 a

Ru3�/Cax (avg.) 1.931

Bond angles

Ru3�/Ru1�/Ru2 61.176(17) cis -C�/Ru1�/C (avg.) 93.98

Ru1�/Ru2�/Ru3 59.359(17) C4�/Ru1�/C2 170.4(3)

Ru1�/Ru3�/Ru2 59.465(19) cis -C�/Ru2�/C (avg.) 94.14

O�/C�/Ru1 (avg.) 174.99 C8�/Ru2�/C6 169.1(3)

O�/C�/Ru2 (avg.) 175.85 cis -C�/Ru3�/C (avg.) 94.36

O�/C�/Ru3 (avg.) 175.26 C11�/Ru3�/C9 170.6(3)

P�/Fe�/P 180.0 a Cent.�/Fe�/Cent. 179.97 a

t c 180.0 a u d 0.0 a

C�/Ru�/Ru�/C

(avg.)

33.4

a Calculated using ORTEP-3 for Windows Ref. [28].
b Deviation of the P atom from the Cp plane, a positive value

meaning the P is closer to the Fe.
c The torsion angle CA�/XA�/XB�/CB, where C is the carbon bonded

to the P and X is the centroid.
d The dihedral angle between the two Cp rings.
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addition, the oxidative electrochemistry of Ru3(CO)12

shows one irreversible wave at ca. 0.98 V [19,21].

The reductive electrochemistry of 1�/3 is similar to the

parent Ru3(CO)12 (Table 2). The compounds display an

irreversible cathodic wave at ca. �/2 V and, upon

reversing the scan, an irreversible anodic wave at ca.

�/1 V is observed. The exception to this is compound 3,

which exhibits two cathodic waves at scan rates less than

200 mV s�1 and one at higher scan rates (Fig. 3).

Similar behavior was observed in the reductive electro-

chemistry of [Ru3(CO)11]2dppa [23]. The first wave is

attributed to reduction of [Ru3(CO)11]2dppa, and the

second is attributed to the reduction of Ru3(CO)11(h1-

dppa) which forms as a result of cluster decomposition.

A similar result was observed in the reductive electro-

chemistry of a monodentate phosphine derivative of

Ru3(CO)12. The reductive electrochemistry of

Ru3(CO)11(PPh3) displays two reduction waves, with

the second wave being attributed to the reduction of

Ru3(CO)10(PPh3)2 that is formed as a decomposition

product [21]. The second wave for compound 3 occurs at

a very similar potential to that observed for compound

2. In addition, we have not detected the formation of
Ru3(CO)11(h1-dppf) during any of our syntheses. There-

fore, the second wave observed in the reduction of 3 is

likely due to the formation of 2 as opposed to formation

of the unidentate species, Ru3(CO)11(h1-dppf).

The reductive electrochemistry of 2 and 3 can be

compared to the analogous iron clusters. The reductive

electrochemistry of 2Fe displays two cathodic waves and

one anodic return wave in DCE. At a scan rate of 200
mV s�1 on a Pt working electrode the reduction

potentials for 2Fe are �/1.48 and �/1.81 V with a

follow-up wave at �/1.01 V [4]. The original study

references the potentials vs. SCE, however they are

presented here vs. Fc0/� by adding �/0.59 V to the

reported potentials [24]. The first wave is assigned to the

formation of [Fe(CO)10(dppf)]�, and the second is

attributed to [Fe(CO)10(dppf)]�2 [4]. The analogous
ruthenium compound, 2, displays a single reduction at

a potential significantly more negative than that of 2Fe.

This indicates that the ruthenium compound is harder to

reduce as expected, since ruthenium is more electron

rich than iron [25]. This same pattern is seen in the

M3(CO)12 (M�/Fe or Ru) clusters, where the ruthenium

cluster has a significantly more negative reduction

potential than the iron analogue [26]. Compound 3Fe
shows a similar pattern to that observed for 3. There are

two chemically irreversible cathodic waves at �/1.40 and

�/1.92 V and a follow-up at �/0.94 V [4]. The first wave

is a two electron reduction to [Fe3(CO)11]2dppf�2 and

the second is the reduction of an uncharacterized

decomposition product, presumably 2Fe. Again, the

reduction of the ruthenium cluster occurs at a signifi-

cantly more negative potential.
As more carbonyl ligands on the cluster are ex-

changed for phosphine ligands, the reduction potentials

become more negative. To gauge this effect, the reduc-

tion potentials of the clusters were plotted against the

ratio of the number of phosphorus atoms in the

compound to the number of ruthenium atoms in the

compound and a good correlation was obtained (R2�/

0.982). Since phosphines are more electron donating
than carbonyls [12], this general trend was anticipated.

A similar trend is noted in the series

Ru3(CO)12�n(PPh3)n (n�/1, 2 or 3) where the reduction

potentials are �/1.44 V for Ru3(CO)12, �/1.68 V for n�/

1, �/1.75 V for n�/2 and �/2.04 V for n�/3 [19,21].

The oxidative electrochemistry of Ru3(CO)12 in DCM

displays an irreversible wave at 0.98 V [19,21]. It should

be noted that after each trial the electrode needed to be
repolished due to significant amounts of material

adhering to the electrode. The phosphine derivatives,

Ru3(CO)12�n(PPh3)n (n�/1, 2, or 3), display oxidation

waves that become less positive as n increases suggesting

Table 2

Oxidation and reduction potentials for Ru3(CO)12 and compounds 1�/

3

Compound Oxidation Reduction

Epa Epa Epc Epc Epc Epa

Ru3(CO)12 0.83 �/1.69 �/1.17

1 �/0.04 0.64 0.50 �/2.27 �/0.91

2 0.24 a 0.70 0.55 �/2.05 �/1.16

3 0.48 0.74 0.71 �/1.87 �/2.00 �/1.15

1.0mM solution at 295 K, volts vs. Fc0/�, in DCM with 0.1 M 1.0 M

Bu4N�PF6
�, scan rate 100 mV s�1.

a E1/2 value.

Fig. 3. Reductive CV of 3 at 100 (bottom) and 800 mV s�1 (top).
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that the cluster becomes more electron rich as phosphine

ligands are added [21]. There are two waves observed in

the oxidative electrochemistry of compounds 1�/3 (Table

2). The first wave is attributed to the oxidation of the

dppf ligand, and the second to the oxidation of the

ruthenium cluster. The dppf-based wave is irreversible

for compounds 1 and 3, and reversible for compound 2.

The cluster-based waves appear to be irreversible,

however there is a small cathodic wave observed upon

reversing the scan. The oxidation potentials are sensitive

to the chemical environment. Compound 1, which has

the highest ratio of phosphorus to ruthenium, displays

the lowest oxidation potentials while Ru3(CO)12 is the

highest. There is a good correlation between both the

dppf-based and cluster-based oxidation potentials and

the phosphorus to ruthenium ratio (R2�/0.979 and

0.923, respectively). Unfortunately, the oxidative elec-

trochemistry of 2Fe and 3Fe was not reported.

The average IR value for the carbonyls of a com-

pound can be used as an estimate of the electron density

at a metal center [27]. This can also serve to predict the

redox properties of a series of compounds. The average

nCO for 2 is 1992 cm�1 and for 1 it is 1981 cm�1 [11].

The average IR values shift to lower wavenumbers when

more phosphorus atoms, relative to the amount of

ruthenium atoms, are present. There is excellent correla-

tion between the average nCO for compounds 1�/3 and

the oxidation and the reduction potentials for these

compounds (R2�/0.9999 for the dppf-based oxidation,

0.9998 for the cluster-based oxidation and 0.983 for the

reduction).

3. Conclusion

The compound [Ru3(CO)11]2(m-dppf), 3, was prepared

by reaction of Ru3(CO)12 and dppf using sodium

benzophenone ketyl catalyst. Compound 3 has been

characterized by IR and NMR spectroscopy. The 31P-

NMR for both 2 and 3 are reported and are found at

similar chemical shifts, making it difficult to distinguish

2 from 3 solely on this information. The crystal structure

of 3 was determined and compared with other triruthe-

nium cluster compounds. The electrochemical properties

of these dppf containing cluster compounds were

investigated and compared to the parent cluster,

Ru3(CO)12, PPh3 derivatives of Ru3(CO)12 and iron

analogues. In general, the ruthenium cluster becomes

harder to reduce and easier to oxidize upon the addition

of more phosphorus ligands. There is also excellent

correlation between the redox potentials and the average

nCO values.

4. Experimental

4.1. General procedures

All preparative reactions and purifications were
carried out under an atmosphere of argon using

standard Schlenk techniques. Solvents were purified

under nitrogen using standard methods. Hexanes and

DCM were distilled from CaH2 under argon. Tetrahy-

drofuran (THF) was distilled over potassium benzophe-

none ketyl. Separation of products was achieved by

column chromatography on silica gel using mixtures of

hexanes�/DCM as the eluent. The NMR data were
obtained in CDCl3 on a JEOL Eclipse 400 FT-NMR.

The internal standard for 1H and 13C-NMR was TMS

(d�/0.00 ppm) while for the 31P{1H}-NMR, 85%

H3PO4 was used as an external reference. Infrared

spectra, with CH2Cl2 as the solvent, were obtained on

a Mattson Satellite FT-IR spectrophotometer using

sodium chloride plates. Elemental analysis was per-

formed by Quantitative Technologies, Inc.
Triruthenium dodecacarbonyl (Ru3(CO)12), ferro-

cene, decamethylferrocene, and dppf were purchased

from Strem. Ferrocene was sublimed prior to use.

Compounds 1 and 2 were prepared according to the

literature procedures [11]. The 31P-NMR of compound 2

has not been reported; it occurs as a singlet at 27.4 ppm

in CDCl3. Tetrabutylammonium hexaflurophosphate

(Bu4N�PF6
�) was purchased from Aldrich and dried

in vacuo prior to use.

4.2. Synthesis

THF (6.0 ml) was added to Ru3(CO)12 (100.0 mg, 0.16

mmol) and allowed to stir for 10 min, until dissolved, at

which point dppf (40.0 mg, 0.072 mmol) was added. A

sodium benzophenone ketyl solution in THF (10 ml,
0.025 M) was prepared and added dropwise to the

solution, which quickly changed color from orange to

dark red. The reaction was stirred for 10 min and then

the solvent was removed in vacuo. The solid residue was

dissolved in a mixture of hexanes and methylene

chloride and purified by column chromatography on

silica gel (height 8 in. diameter 1 in.). Two identifiable

bands were obtained off of the column. The first band
eluted with hexanes and was identified by IR as

Ru3(CO)12 and recovered (33.0 mg, 0.052 mmol). The

second band was dark red and eluted with hexanes�/

DCM (1:1 v/v) yielding [Ru3(CO)11]2(m-dppf) (3) (10.0

mg, 0.0053 mmol, 9.4% yield). (3) IR (CH2Cl2): nCO

cm�1 2094 (m), 2045 (m), 2014 (s), 1988 (w), 1954 (sh),

1924 (w). 1H (CDCl3): d 7.39 (m, 20H, -Ph), 4.23 (br s,

4H, HB), 3.96 (br s, 4H, HA). 13C{1H} (CDCl3): d 204.1
(s, Ru�/CO), 136.4 (d, 1JCP�/46.4 Hz, Cipso ), 132.5 (d,
2JCP�/12.2 Hz, Cortho ), 130.5 (s, Cpara ), 128.3 (d, 3JCP�/

9.95, Cmeta ), 81.9 (d, 1JCP�/47.5 Hz, C24), 74.5 (d,
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2JCP�/11.1 Hz, C25 and C28), 73.8 (d, 3JCP�/6.63, C26

and C27). 31P{1H} (CDCl3): d 27.6 (s). Anal. Calc. for

C56H28FeO22P2Ru6 1.5CH2Cl2: C, 36.26; H, 1.64.

Found: C, 36.21; H, 1.90.

4.3. X-ray crystallography

Crystals of 3 were obtained by slow evaporation of

the hexanes�/DCM solution obtained from the column.

This yielded small, needle-like crystals that were dark

red. Crystallographic data are presented in Tables 1 and

3. The data were collected on a Bruker platform system

with an APEX CCD detector. Data were corrected for

absorption using the SADABS program. The space group

was unambiguously assigned from the diffraction data.

The structure was solved by heavy-atom methods and

refined with all non-hydrogen atoms anisotropic and

hydrogen atoms in idealized locations. All routines and

software are contained in the current Bruker and

SHELXL packages (Bruker AXS, Madison, WI).

4.4. Electrochemistry

Cyclic voltammetric studies were done with a Prince-

ton Applied Research 263-A potentiostat. The electro-
chemical potentials were measured and analyzed by

Power Suite. Solutions of the analyte were 1.0 mM in

10.0 ml of DCM, and contained 0.1 M Bu4N�PF6
� as

the supporting electrolyte. Solutions were purged with

argon and stirred prior to study. A blanket of argon was

kept over the solutions for all experiments. Solutions

were prepared immediately before measurements were

to be taken. Scans were made at rate of 50 mV s�1 and
then 100�/1000 mV s�1, increasing by 100 mV. The 1.5-

mm glassy carbon working electrode was polished with

a 1-mm diamond paste, rinsed with acetone, and then

polished with 1/4-mm diamond paste. Prior to use, the

working electrode was rinsed with acetone and then

DCM. A platinum wire counter electrode was used

along with a non-aqueous silver/silver chloride reference

electrode.

5. Supplementary material

Crystallographic data (CIF files) for the structural

analysis have been deposited with the Cambridge

Crystallographic Data Centre, CCDC no. 209799.
Copies of this information may be obtained free of

charge from The Director, CCDC, 12 Union Road,

Cambridge CB2 1EZ, UK (Fax: �/44-1223-336033; e-

mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.

ac.uk).

Acknowledgements

AO’C was supported in part by the Academic

Research Committee at Lafayette College through an

EXCEL scholarship. AO’C and CN would like to thank

the donors of the Petroleum Research Fund, adminis-

tered by the American Chemical Society, for partial

support of this research and the Kresge Foundation for
the purchase of the JEOL Eclipse 400 MHz NMR.

References

[1] K.-S. Gan, T.S.A. Hor, in: A. Togni, T. Hayashi (Eds.),

Ferrocenes. From Homogeneous Catalysis to Material Science,

VCH, New York, 1995 (Chapter 1).

[2] G. Bandoli, A. Dolmella, Coord. Chem. Rev. 209 (2000) 161.

[3] T.S.A. Hor, L.-T. Phang, J. Organomet. Chem. 373 (1989) 319.

[4] E. Stein, F.Y. Fujiwara, J. Organomet. Chem. 525 (1996) 31.
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