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Abstract

The reaction of Os3(CO)10(�-�2-py)(�-H) (1) (py=NC5H4) with 1,4-bis(ferrocenyl)butadiyne (2) in the presence of Me3NO has
provided two new isomeric triosmium cluster compounds Os3(CO)9(�-py)(�3,�3-CCFcCCHFc) (3) (Fc=C5H4FeC5H5) and
Os3(CO)9(�-py)(�3,�2-CCFcCCHFc) (4). Both products were characterized by IR, 1H-NMR and single crystal X-ray diffraction
analysis. Both compounds contain a triply bridging 1,3-bisferrocenylallylcarbyne ligand in an open triosmium cluster. Two of the
carbon atoms of the allyl portion of the bisferrocenylallylcarbyne ligand in 3 are coordinated to one osmium atom, but in 4 only
one of these carbon atoms is coordinated, and the other carbon atom forms a planar trivalent carbenium center. The
bisferrocenylallylcarbyne ligand was formed by insertion of 2 into the osmium-hydrogen bond and a 1–2-shift of one of the
ferrocenyl groups along the butadiyne chain. Both compounds exhibit two reversible one electron oxidations for the ferrocenyl
groups: for 3, Ep= +0.34 and +0.67 V; for 4, Ep= +0.47 and +0.61 V. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Differences in the electrochemical potentials of neigh-
boring ferrocenyl groups in hydrocarbon chains are
often used as a qualitative measure of their intramolec-
ular electro-communication [1–9]. 1,4-bis(Ferro-
cenyl)butadiyne (2) is a useful reagent for the formation
of carbon-rich ligands containing electroactive sub-
stituents [6–11]. Bruce et al. have also obtained a
cobalt carbonyl complex of 2 from the reaction of
iodoethynylferrocene with cobalt carbonyl [12]. We
have recently obtained the complex Os3(CO)11(�3-�4-
FcCCCCFc) (5) (Fc=C5H4FeC5H5) from the reaction
of 2 with Os3(CO)11(NCMe) and showed that the ligand
2 is coordinated in a parallel fashion to the linear chain
of three osmium atoms [6]. Interestingly, the electronic

communication between the two ferrocenyl groups in 5
is increased relative to that in 2.

In an extension of this work we have now investi-
gated the reaction of Os3(CO)10(�-�2-py)(�-H), 1 (py=
NC5H4) with 2 in the presence of trimethylamine–
N-oxide (Me3NO). We have found that 2 adds to the
cluster of 1 by insertion into the osmium–hydrogen
bond to yield two isomeric complexes containing a
triply bridging 1,3-bisferrocenylallylcarbyne ligand. In
one isomer two of the carbon atoms of the allyl group
of the bisferrocenylallylcarbyne ligand are coordinated
to an osmium atom, but in the other only one of the
carbon atoms is coordinated, and the uncoordinated
trivalent carbon atom forms a carbenium center. These
results are reported here.
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2. Experimental

2.1. General data

Although the reagents and products are air-stable,
the reactions were performed under an atmosphere of
nitrogen. Reagent grade solvents were freshly distilled
prior to use. Os3(CO)10(�-�-py)(�-H) (1) and 1,4-bis-
(ferrocenyl)butadiyne (2) were prepared according to
the literature procedures [13,14]. Trimethylamine N-ox-
ide dihydrate was purchased from Sigma–Aldrich and
was used without further purification. Product separa-
tion was performed by TLC in air on Analtech 0.25
mm silica gel 60 A� F254 glass plates. Infrared spectra
were recorded on a Nicolet 5 DXBO FT-IR spec-
trophotometer. Elemental analyses were performed by
Desert Analytics, Tucson, AZ. Differential pulse
voltammetric measurements (DPV) were performed by
using three-electrode system consisting of a glassy car-
bon working electrode, a platinum counter and a Ag/
AgCl reference electrode on a CV-50W voltammetric
analyzer purchased from Bioanalytical Systems, West
Lafayette, IN. Samples were prepared in 1.0 mM solu-
tions in CH2Cl2 solvent containing 0.1 M tetrabutylam-
monium hexafluorophosphate. The DPV potential
values are reported as the peak positions Ep. The
relationship between DPV and E1/2 values has been
described by Richardson et al. [15].

2.2. Reaction of 1 with 2 in the presence of Me3NO

Compounds 1 (20.0 mg, 0.0215 mmol) and 2 (9 mg,
0.0215 mmol) were put into a 100-ml three-necked
round bottom flask. Hexane (30 ml) was transferred to
the flask, and the mixture was then heated to reflux
until the reagents dissolved. Me3NO·2H2O (9.5 mg,
0.0855 mmol) dissolved in 5 ml of CH2Cl2 was then
added dropwise to the flask, and the solution was
allowed to reflux for an additional 5 h. The solvent was
then removed in vacuo and the residue was dissolved in
a minimal amount of CH2Cl2 and separated by TLC by
using a hexane/CH2Cl2 (4/1) solvent mixture. This
yielded in order of elution: 1.5 mg of unreacted 1; 0.7
mg of 2; 2.6 mg of orange Os3(CO)9(�-NC5H4)(�3,�3-
CCFcCCHFc) (3) in a 9% yield; 1.7 mg of green
Os3(CO)9(�-NC5H4)(�3,�2-CCFcCCHFc) (4) in a 6%
yield; and a couple of uncharacterized dark products.
Analytical and spectral data for 3: IR �CO (cm−1 in
hexane): 2086 (vs), 2060 (vs), 2038 (vs), 2016 (s), 2004
(m), 1990 (vs), 1975 (m), 1962 (m). 1H-NMR (� in
CD2Cl2): 2.75 (m, 1H, C5H4), 3.67 (m, 1H, C5H4), 3.87
(m, 1H, C5H4), 3.96 (m, 1H, C5H4), 3.99 (s, 5H, Cp),
4.22 (s, 5H, Cp), 4.20–4.22 (m, 1H, C5H4), 4.35–4.37
(m, 1H, C5H4), 4.43–4.45 (m, 1H, C5H4), 4.66–4.68 (m,
1H, C5H4), 5.71 (s, 1H, CH), 6.03–6.06 (dq, 1H,
NC5H4), 6.31–6.36 (dt, 1H, NC5H4), 6.46–6.51 (m, 1H,

NC5H4), 7.94–7.97 (dq, 1H, NC5H4). Anal. Calc.
(Found): C, 34.58 (34.74); H, 1.74 (1.65)%. For 4: IR
�CO (cm−1 in hexane): 2070 (w), 2048 (vs), 2028 (s),
1988 (vs), 1978 (m), 1969 (s), 1951 (w). 1H-NMR (� in
CD2Cl2): 4.29 (s, 5H, Cp), 4.38 (s, 5H, Cp), 4.78–4.79
(m, 2H, C5H4), 4.88–5.01 (m, 6H, 2C5H4), 6.61–6.66
(m, 1H, NC5H4), 7.01–7.07 (dt, 1H, NC5H4), 7.95–7.98
(dq, H, NC5H4), 8.41 (s, 1H, CH), 9.08–9.11 (dq, 1H,
NC5H4). Anal. for 4·1/2hexane·1CH2Cl2: Calc.
(Found): C, 34.84 (35.12); H, 2.21 (2.07)%. Electronic
absorption spectra were recorded with a Perkin Elmer
Lambda 14 UV–vis spectrophotometer in methylene
chloride solvent. Compound 3 showed one absorption
at 458 nm, absorption, �=3000 M−1 cm−1. Com-
pound 4 showed two absorptions: �max=455 nm, �=
11,550 M−1 cm−1, �max=705 nm, �=10,550 M−1

cm−1.

2.3. Crystallographic analyses

Dark red crystals of 3 were grown by slow evapora-
tion of the solvent from a hexane/CH2Cl2 (5:1) solution
of the complex at 25 °C. Dark green crystals of 4 were
grown by slow evaporation of the solvent from a
hexane/CH2Cl2 (3:1) solution of the complex at
−20 °C. The data crystals were glued onto the end of
a thin glass fiber. X-ray intensity data were measured at
293 K using a Bruker SMART APEX CCD-based
diffractometre using Mo–K� radiation (�=0.71073 A� ).
Unit cells were initially determined based on reflections
harvested from a set of three scans measured in orthog-
onal wedges of reciprocal space. Crystal data, data
collection parameters, and results of the analyses are
listed in Table 1. The raw data frames were integrated
with the SAINT+ program using a narrow-frame inte-
gration algorithm [16]. Corrections for Lorentz and
polarization effects were also applied by SAINT. An
empirical absorption correction based on the multiple
measurement of equivalent reflections was applied by
using the program SADABS.

Compound 3 crystallised in the monoclinic crystal
system. The space group P21/n was confirmed by the
patterns of systematic absences observed in the inten-
sity data. The structure was solved by a combination of
direct methods and difference Fourier syntheses, and
refined by full-matrix least-squares on F2, using the
SHELXTL software package [17]. All non-hydrogen
atoms were refined with anisotropic displacement
parameters. The positions of the hydrogen atoms were
calculated by assuming idealised geometries and C–H
distances of 0.95 A� . The hydrogen atoms were included
in the structure factor calculations without refinement.

Compound 4 crystallised in the monoclinic crystal
system. The space group P21/c was confirmed by the
patterns of systematic absences observed in the inten-
sity data. The structure was solved by a combination of
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direct methods and difference Fourier syntheses, and
refined by full-matrix least-squares on F2, using the
SHELXTL software package [17]. The asymmetric unit of
the unit cell contains one independent formula equiva-
lent of the complex, one equivalent of methylene chlo-
ride molecule disordered over two orientations, and one
half equivalent of hexane molecule which is located on
an inversion centre. All non-hydrogen atoms were

Table 2
Selected bond lengths (A� ) and bond angles (°) for 3

Bond lengths
2.133(10)Os1–Os2 2.7468(6) Os1–C60

Os1–Os3 2.132(9)Os2–N12.9337(6)
C1–C2 1.396(10)3.998(1)Os2–Os3

1.457(11)Os1–C2 2.214(7) C1–C3
1.492(10)C1–C40Os2–C2 2.049(8)

C3–C4Os3–C3 1.318(11)2.107(8)
C4–C50Os3–C2 1.468(13)2.162(8)

2.262(7) N1–C60 1.349(14)Os3–C1

Bond angles
89.410(16) C1–C2–Os2Os2–Os1–Os3 140.5(6)

114.0(7)C2–C1–C3 C1–C2–Os3 75.5(4)
C2–C1–C40 124.2(7) Os2–C2–Os3 143.4(4)

C1–C2–Os1120.9(7)C3–C1–C40 120.7(5)
67.8(4)C2–C1–Os3 Os2–C2–Os1 80.1(3)
64.9(4)C3–C1–Os3 84.2(3)Os3–C2–Os1

128.6(5)C40–C1–Os3 C4–C3–C1 139.9(8)
127.0(9) C4–C3–Os3C3–C4–C50 143.7(7)
76.4(4)C1–C3–Os3

Estimated standard deviation given in parentheses.

Table 1
Crystallographic data for compounds 3 and 4

43

Os3Fe2NO9C38H23·Os3Fe2NO9C38H23Empirical formula
1CH2Cl2·1/2C6H14

1447.891319.87Formula weight
Monoclinic MonoclinicCrystal system

Unit cell dimensions
9.986 (5)a (A� ) 11.5526 (11)
18.439 (9)22.910 (2)b (A� )
23.369 (11)13.6877 (13)c (A� )

90.638 (2)� (°) 92.187 (9)
4300 (4)V (A� 3) 3622.5 (6)

P21/n (no. 14)Space group P21/c (no. 14)
Z 4 4

2.2372.420�calc (g cm−3)
11.3� (Mo–K�) (mm−1) 9.7
52.822�max (°) 50.06
5597No. observed (I�2	(I)) 5866

513478No. parameters
1.0121.015Goodness-of-fit

0.001Max. shift in cycle 0.002
0.044; 0.107Residuals a: R1; wR2 0.028; 0.068

Absorption correction, SADABS,SADABS,
0.118–0.335 0.212–0.491max/min

Transmissions coefficient, 1.00/0.831.118/0.335
max/min

2.46 1.29Largest peak in final
difference map (e A� −3)

a R=�hkl(��Fobs�−�Fcalc��)/�hkl �Fobs�; Rw= [�hklw(�Fobs�−�Fcalc�)2/
�hklwFobs

2 ]1/2, w=1/	2(Fobs); GOF= [�hkl(w(�Fobs�−�Fcalc�))2/(ndata−
nvari)]

1/2.

refined with anisotropic displacement parameters except
for the carbon atoms of the solvent molecules. The
positions of the hydrogen atoms were calculated by
assuming idealised geometries and C–H distances of
0.95 A� . The hydrogen atoms were included in the
structure factor calculations without refinement.

3. Results

The reaction of 1 with 2 in the presence of Me3NO
has yielded two new isomeric triosmium cluster com-
pounds that have been identified as Os3(CO)9(�-
py)(�3,�3-CCFcCCHFc) (3) (Fc=C5H4FeC5H5) in 9%
yield and Os3(CO)9(�-py)(�3,�2-CCFcCCHFc) (4) in
6% yield. Both products were characterised by IR,
1H-NMR and single crystal x-ray diffraction analysis
and by differential pulse voltammetry (DPV). Both
compounds contain a triply bridging 1,3-bisferroceny-
lallylcarbyne ligand in an open triosmium cluster. Two
of the carbon atoms of the allyl portion of the bisferro-
cenylallylcarbyne ligand in 3 are coordinated to one
osmium atom, but in 4 only one of these carbon atoms
is coordinated, and the other carbon atom forms a
three valent carbenium center.

An ORTEP diagram of the molecular structure of
compound 3 is shown in Fig. 1. Selected interatomic
distances and angles are listed in Table 2. Compound 3
consists of an open triosmium cluster containing nine
linear terminal carbonyl ligands and a pyridyl ligand
that bridges the Os(1)–Os(2) metal–metal bond. The
Os(2)···Os(3) distance of 3.998(1) A� is a nonbonding
value. The best refinement of the X-ray data was ob-
tained by using the model shown in the figure in which

Fig. 1. An ORTEP diagram of Os3(CO)9(�-py)(�3,�3-CCFcCCHFc) (3)
showing 40% probability thermal ellipsoids.
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the nitrogen atom of the pyridyl ligand is bonded to
Os(2). The most interesting ligand is a bridging bis-(fer-
rocenyl)carbyne ligand that bridges the three osmium
atoms. The carbyne carbon atom C(2) is bonded to all
three metal atoms, Os(1)–C(2)=2.214(7), Os(2)–
C(2)=2.049(8) and Os(3)–C(2)=2.162(8) A� . Carbon
atoms C(1), C(3) and C(4) could be viewed as a substi-
tuted allyl grouping with ferrocenyl substituents on
atoms C(1) and C(4). There is a double bond between
atoms C(3) and C(4), 1.318(11) A� , and atoms C(1) and
C(3) are bonded to the metal atom Os(3), Os(3)–
C(1)=2.262(7) and Os(3)–C(3)=2.107(8) A� . The
C(3)–C(4) has an E-configuration. There is a hydrogen
atom on C(4) as indicated by the geometry of the
carbon atom and by the 1H-NMR spectrum which
shows a low-field singlet at �=5.71 ppm.

An ORTEP diagram of the molecular structure of

compound 4 is shown in Fig. 2. Selected interatomic
distances and angles are listed in Table 3. Compound 4
is also an open triosmium cluster containing nine lin-
ear terminal carbonyl ligands and a bridging pyridyl
ligand, but in this case the pyridyl ligand bridges the
nonbonded pair of metal atoms Os(1)–Os(2),
Os(1)···Os(2)=3.6620(12) A� . The best refinement of the
X-ray data was achieved by using the model shown in
the figure in which the pyridyl nitrogen atom is bonded
to Os(2). Compound 4 also contains a triply bridging
bis-(ferrocenyl)carbyne ligand. The carbyne carbon
atom C(2) is bonded to all three metal atoms, Os(1)–
C(2)=2.080(6), Os(2)–C(2)=2.070(6) and Os(3)–
C(2)=2.235(3) A� . As in 3, the carbon atoms C(1), C(3)
and C(4) can be viewed as a substituted allyl grouping
with ferrocenyl substituents on atoms C(1) and C(4).
There is a double bond between atoms C(3) and C(4)
which is slightly longer than that in 3, 1.347(8) A� , but
unlike 3 only one of the allyl carbon atoms C(3) is
bonded to a metal atom, Os(3)–C(3)=2.169(6) A� . A
hydrogen atom on C(4) is indicated by the geometry of
C(4) a very low-field singlet at �=8.41 ppm, observed
in the 1H-NMR spectrum. It is notable that the Z-
configuration of the C(3)–C(4)bond in 4 is different
from the E-configuration found in 3. The metal–car-
bon distances to C(1), Os(1)–C(1)=2.914(6), Os(2)–
C(1)=3.082(6) and Os(3)–C(1)=2.771(6) A� are clearly
nonbonding. Carbon C(1) is thus only trivalent and is
assigned as a carbocation ‘carbenium’ ion center. Ac-
cordingly, it also has a planar geometry with the C–C
distances, C(1)–C(2)=1.409(8), C(1)–C(3)=1.446(8)
and C(1)–C(40)=1.438(8) A� and angles C(2)–C(1)–
C(3)=104.1(5), C(2)–C(1)–C(40)=122.4(6) and
C(3)–C(1)–C(40)=133.1(6)°.

Interestingly, compound 4 is green in color while
compound 3 is orange. The UV–vis spectra of 3 and 4
were each recorded in methylene chloride solvent and
are shown together in Fig. 3. The spectrum of com-
pound 4 (solid line) shows a strong broad absorption,
�max=705 nm, �=10,500 M−1 cm−1, which is not
present in the spectrum of 3. This absorption is respon-
sible for the green coloration of 4. Similar absorptions
have been reported for ferrocenyl-substituted allylium
ions [18] and a ferrocenyl-substituted diphenylpropar-
gyl cation [19].

The cyclic voltamograms of 3 and 4 both show two
closely spaced reversible one electron oxidations for the
ferrocenyl groups. The DPV voltammograms in methyl-
ene chloride solvent show two well resolved peaks: for
compound 3, E°p= +0.34 and +0.67 V versus Ag/
AgCl, �Ep=0.33 V; compound 4 shows two resolved
one-electron oxidations for the ferrocenyl groups at
E°p= +0.47 and +0.61 V versus Ag/AgCl, �Ep=0.14
V. The free molecule 1,4-bis-ferrocenylbutadiyne also
shows two one-electron oxidations for the ferrocenyl
groups, but the peak separation is significantly smaller,

Fig. 2. An ORTEP diagram of Os3(CO)9(�-py)(�3,�2-CCFcCCHFc) (4)
showing 40% probability thermal ellipsoids.

Table 3
Selected bond lengths (A� ) and bond angles (°) for 4

Bond lengths
Os1–Os2 3.6620(12) C1–C2 1.409(8)

2.8572(11)Os1–Os3 C1–C40 1.438(8)
2.8616(13)Os2–Os3 C1–C3 1.446(8)
2.080(6)Os1–C2 C3–C4 1.347(8)

C4–C502.145(6)Os1–C60 1.438(9)
2.070(6)Os2–C2 C60–N1 1.365(8)

Os2–N1 2.148(6) Os3–C2 2.235(6)
2.169(6)Os3–C3

Bond angles
79.642(12) C1–C2–Os3Os1–Os3–Os2 96.3(4)

122.4(6)C2–C1–C40 Os2–C2–Os3 83.2(2)
104.1(5) Os1–C2–Os3 82.84(19)C2–C1–C3
133.1(6) C4–C3–C1 122.9(6)C40–C1–C3

138.6(5)C4–C3–Os3C1–C2–Os2 123.6(4)
C1–C2–Os1 C1–C3–Os3111.8(4) 98.1(4)

123.9(3) 130.4(6)C3–C4–C50Os2–C2–Os1

Estimated standard deviation given in parentheses.
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Fig. 3. UV–vis spectra for compounds 3 (dashed line) and 4 (solid line) recorded in CH2Cl2 solvent.

E°= +0.476 and +0.576 V with �E°=0.100 V [2].
When recorded in NCMe solvent the DPV voltam-
mogram of 3 also showed a small oxidation peak at
0.55 V which may have been due to some transforma-
tion or decomposition process that occurred in this
solvent. This extra oxidation peak was absent or very
small when the samples were measured in methylene
chloride solvent.

It was not possible to obtain 3 from 4 and vice versa
by heating to 68 °C for 3 days, so it seems that they
were probably formed by independent reaction
pathways.

4. Discussion

In a previous study we showed that 2 will insert into
an osmium–hydrogen bond in Os4(CO)12(�-H)4 to yield
the compound Os4(CO)11(�-�-Z-1,4-FcCC(H)C2Fc)(�-
H)3 (6) that contains a 1,4-bis(ferrocenyl)ynenyl ligand
bridging an edge of the cluster [20].

The reaction of 1 with 2 is considerably more compli-
cated than that reaction. The use of Me3NO in this
reaction is simply to activate the cluster by a decar-
bonylation which paves the way for the addition of 2

[21]. For both 3 and 4, it was observed that the hydride
ligand of 1 was transferred to one of the carbon atoms
2 which was then converted into a triply bridging
1,3-bisferrocenylallylcarbyne ligand. Notably, the ferro-
cenyl substituents in the allylcarbyne ligand are sepa-
rated by only three carbon atoms instead of four
carbon atoms as they were in 2. It is possible that one
of the ferrocenyl groups has migrated to a neighboring
carbon atom, (i.e. from atom C(2) to C(1)), but the
mechanism of this rearrangement has not been estab-
lished in this work. Interestingly, many years ago We-
liky et al. observed a carbon–carbon 1,2-shift of a
ferrocenyl in the dehydration reaction of the bis(ferro-
cenyl)pinacol, FcPh(OH)CC(OH)PhFc, and it was sug-
gested that the transformation involved carbonium ion
species [22].

Also, Clarke et al. have recently reported that the
reaction of Os3(CO)10(�-H)2 with 1,4-bis(trimethylsi-
lyl)butadiyne yields the compound Os3(CO)10(�-
HC2(SiMe3)C2(SiMe3)(�-H)3 by a process that
apparently involves a 1,2-shift of one of the SiMe3

groups [23].
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The carbyne carbon atom C(2) in 3 and 4 is
bonded to all three osmium atoms. In 3 two of the
allyl carbon atoms C(1) and C(3) are bonded to one
of the metal atoms Os(3), but in 4 only one of the
allyl carbon atoms C(3) is bonded to a metal atom,
Os(1). In 4 the trivalent carbon atom C(1) is a planar
and is believed to contain a formal positive charge. It
is well known that ferrocenyl groups stabilize neigh-
boring carbocations by delocalization to the iron
atom [24,25]. To achieve this stabilization, the carbo-
cation is usually shifted closer the iron atom. Interest-
ingly, however the carbenium center in 4 is not
displaced significantly toward the iron atom. This
shift may be prevented by steric interactions between
the ferrocenyl substituent and the carbonyl groups on
Os(2). Evidence to support the carbenium character
at C(2) was obtained from its UV–vis spectrum
which shows a strong absorption at 705 nm. Similar
low energy absorptions were observed in the UV–vis
spectra of ferrocenylallylium ions [18]. Since 4 is a
neutral molecule, there must be a formal negative
charge located somewhere in the molecule. We have
assigned that to the metal atom Os(1). Compound 4
is thus a zwitterion, and all metal atoms obey the
18-electron rule.

The reason why 4 adopts the structure containing a
carbocation form and isomer 3 has a noncarbocation
structure is not immediately clear. In 4 the plane of
the cyclopentadienyl ring is nearly parallel to the
plane of the carbocation C(1); the dihedral angle is
18.5°. Thus, the empty p-orbital on C(1) could be
stabilised by p-� interactions with the �-orbitals on
the Cp ring. In 3 however the cyclopentadienyl ring
and the plane of the carbocation have a greater twist,
and the p-� would be significantly smaller. Accord-
ingly, the carbocation neutralised itself by forming a
bond to the negatively charged metal atom. The dihe-
dral angle between the cyclopentadienyl ring and C(1)
plane in 3 itself is 37.5°.

We were unable to interconvert 3 and 4. Perhaps
the required E/Z interconversion at the C–C double
bond between the atoms C(3) and C(4) prevents the
isomerization.

The difference between the oxidation potentials of
the ferrrocenyl groups in compounds 3 and 4 is sig-
nificantly larger than that in compound 2. One might
speculate that this could be due to an increased elec-
tronic communication between the ferrocenyl groups
relative to that in 2. In support of this it is worth
pointing out that in 3 and 4 the ferrocenyl groups are
closer together than they are in 2, (i.e. 3-carbon sepa-
ration vs. 4-carbon separation). However, we hesitate
to envoke this explanation because even in the ab-
sence of communication the difference between the
potential will increase simply because of electrostatic
effects [26]. In addition, unlike 2 the ferrocenyl

groups in 3 and 4 are intrinsically inequivalent and
this also contributes to the difference in the oxidation
potentials of the two groupings. It is not possible to
separate the combined effects of chemical inequiva-
lence and electronic communication through the car-
bon chain to determine the relative contribution of
each factor to the total.

5. Supplementary material

Crystallographic data for the structural analysis
have been deposited with the Cambridge Crystallo-
graphic Data Centre, CCDC Nos. 155995 and 155996
for compounds 3 and 4, respectively. Copies of this
information may be obtained free of charge from The
Director, CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (fax: +44-1233-336-033; e-mail: de-
posit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.
ac.uk).
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