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The Horner–Wadsworth–Emmons reaction of 2,5-dimethylazaferrocene-1 0-carbaldehyde with

diethyl benzylphosphonate, diethyl p-methoxybenzylphosphonate and diethyl

(ferrocenylmethyl)phosphonate afforded (E)-1-(2,5-dimethylazaferrocen-1 0-yl)-2-phenylethene (2a),

(E)-1-(2,5-dimethylazaferrocen-1 0-yl)-2-(p-methoxyphenyl)ethene (2b) and (E)-1-(2,5-

dimethylazaferrocen-10-yl)-2-ferrocenylethene (2c), respectively. Cyclic voltammetry showed

significant difference in the electrochemical behaviour of these compounds in comparison to their

ferrocenyl counterparts. The styryl group, which is an electron-withdrawing group in the

ferrocenyl compound, displays a reverse effect in the azaferrocenyl complex 2a. Introduction of

the p-methoxystyryl group to 2,5-dimethylazaferrocene brings about a cathodic shift of the redox

potential of 370 mV, whereas for the ferrocenyl analog the shift is only 60 mV. Compound 2c

shows two redox waves due to two non-equivalent metallocenyl moieties, but there is only weak

electronic coupling between redox centres. The W(CO)5-complex of 2c (4) was synthesised and its

structure determined by X-ray diffraction.

Introduction

Aryl-capped ethenylferrocenes (in most cases the more stable

E isomers) 1 have attracted considerable interest due to their

unusual nonlinear optical, electronic and magnetic proper-

ties.1–14 Moreover, the backbone 1 is present in ferrocifene and

related organometallic selective estrogen receptor modulators

(SERMs), promising candidates for anticancer drugs.15 When

aryl is ferrocenyl, the binuclear compound, 1,2-diferroceny-

lethene, attracted attention because it showed electronic com-

munication between metal centres and stabilisation of the

mixed-valence oxidation product.16–18

Continuing our research program focused on the develop-

ment of synthetic methods in chemistry of the nearest hetero-

analog of ferrocene, azaferrocene,19 we felt that it would of

interest to elaborate a convenient route to conjugated p-systems

containing this metallocene and to study their properties.

In this paper we disclose synthesis of 10-(2-arylethenyl)-2,5-

dimethylazaferrocenes 2 (including a compound in which aryl

is ferrocenyl) and the study of their electronic and electro-

chemical properties. Moreover, the W(CO)5-complex of the

azaferrocenyl–ferrocenyl compound has been synthesised to

study the influence of the coordination of the nitrogen atom to

a metal on the electronic properties the bis-metallocene moi-

ety. The structure of this complex has been determined by

single-crystal X-ray diffraction.

Results and discussion

Synthesis

We have recently reported that lithiation of 2,5-dimethylaza-

ferrocene with sec-BuLi–TMEDA, followed be quenching

with dimethylformamide afforded 2,5-dimethylazaferrocene-

10-carbaldehyde 3 in 20% isolated yield.19 Despite the low

yield compound 3 can be conveniently isolated from the

reaction mixture, allowing its use as a starting material in

the further step of the synthesis of 2 (Scheme 1).

The Horner–Wadsworth–Emmons reaction of 3 with

diethyl benzylphosphonate in the presence of potassium tert-

butoxide in THF afforded compound 2a in 70% isolated yield.

Similarly, using diethyl p-methoxyphosphonate and diethyl

(ferrocenylmethyl)phosphonate20 compounds 2b and 2c were

obtained in 27 and 60% yield, respectively. Their structures

were confirmed by spectroscopic methods (1H NMR,MS, IR),

as well as by elemental analysis. The E-stereochemistry was

deduced from large values (16–16.2 Hz) of coupling constants

between vinylic protons. Compounds 2a,b are air-stable

orange oils, whereas 2c is an air-stable orange solid. Com-

pound 2c treated with the photochemically generated

W(CO)5(THF) in THF at r.t. afforded the trinuclear complex
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4 in 80% yield. As expected, coordination of the W(CO)5
group to the pyrrolyl nitrogen brought about a downfield shift

of the signals of the methyl groups (0.3 ppm), b-pyrrolyl
protons (0.2 ppm) and one of the vinylic protons (0.1 ppm),

other signals being less influenced. The structure of 4 was

determined by X-ray diffraction.

Electronic absorption spectra

Compounds 2a–c show in the region 300–500 nm two absorp-

tion bands (Table 1, which also contains, for comparison, the

data for styrylferrocene, (E)-1,2-diferrocenylethene and 2,5-

dimethylazaferrocene). The high-energy (HE) band is ob-

served at 314–332 nm and the low-energy (LE) band at

439–472 nm. These bands can be assigned to p–p* transitions

in the conjugated p-ligand and to metal-centred d–d transi-

tions of the azaferrocenyl (or ferrocenyl) group, respec-

tively.16,17 The electronic absorption spectrum of 2,5-

dimethylazaferrocene is closely similar to the spectrum of

ferrocene. The latter displays weak bands at 332 nm (e =

160 M�1 cm�1) and 439 nm (e = 130 M�1 cm�1) (Table 1),

whereas the former at 325 nm (e = 49 M�1 cm�1) and 440 nm

(e = 91 M�1 cm�1).21

The introduction of the styryl group to 2,5-dimethylazafer-

rocene brings about a bathochromic shift (þ31 nm) of the LE

band, which becomes more intense (e = 210 M�1 cm�1),

whereas the HE band is shifted hypsochromically (�14 nm)

(e = 4300 M�1 cm�1). A similar effect is observed on going

from ferrocene to styrylferrocene (þ24 and �11 nm). In the

case of 2b the HE and LE bands are at 315 nm (e = 11 800

M�1 cm�1) and 456 nm (e = 730 M�1 cm�1), respectively.

Compound 2c displays the HE band at 322 nm (e= 4600 M�1

cm�1) and the LE band at 472 nm (e= 500 M�1 cm�1), which

are close to the values reported for 1,2-diferrocenylethene (314

and 458 nm).17

The presented data indicate that electronic structure of aryl

(ferrocenyl)capped ethenylazaferrocenes is closely similar to

that of their ferrocenyl counterparts. This means that azafer-

rocenyl group is able to form conjugated p-systems which may

be of interest for various branches of materials science.

Electrochemistry

Electrochemical behaviour of the synthesised compounds

(and, for comparison, of styrylferrocene, (E)-1,2-diferroceny-

lethene and 2,5-dimethylazaferrocene) was studied using cyclic

voltammetry (CV). The measurements were carried out in

dichloromethane solutions at room temperature. The data

are gathered in Table 2.

Compounds 2a,b and styrylferrocene displayed single, che-

mically reversible oxidation waves (ipc/ipaB1) (Fig. 1). The

observed peak separations were close to that measured for

ferrocene under the same experimental conditions (140 mV)

indicating that departure from the value of 59 mV expected for

an electrochemically reversible one-electron transfer should be

rather due to uncompensated solution resistances and/or slow

electron transfer, than to significant structural reorganisation

accompanying the charge transfer. Therefore, we assign these

waves to one-electron oxidation of the metallocenyl groups.

It has been reported that azaferrocenium cation is rather

unstable and reversible CV scans for azaferrocene were ob-

tained only at relatively high potential sweep rates (>20 V s�1

Table 1 Electronic absorption spectra in CH2Cl2

Compound lmax/nm (emax/M
�1 cm�1) Compound lmax/nm (emax /M

�1 cm�1)

2a 318 (4300) Styrylferrocene 314 (19 000)
470 (210) 464 (730)

2b 315 (11 800) 2,5-Dimethylazaferrocene 332 (160)
456 (730) 439 (130)

2c 322 (4600) Ferrocenea 325 (49)
472 (500) 440 (91)

a Literature data.21

Scheme 1 Reagents: (i) ArCH2P(O)(OEt)2, tert-BuOK, THF; (ii)
W(CO)5(THF).

Table 2 Electrochemical data in CH2Cl2

Compound E1/2 (mV vs. Fc/Fc1) DE/mV

2a 179 62
2b �143 133
2c 41 144

249 72
4 42 84

452 236
Styrylferrocene 25 111
2,5-Dimethylazaferrocene 237 157
(E)-1,2-Diferrocenylethene (6) �79 119

73 119
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in acetonitrile).22 More recently, it was reported that in

dichloromethane solutions reversible CV scans can be ob-

tained at lower rates (especially for 2,5-dimethylazaferro-

cene).23 The results obtained in this work show that the

oxidized 2a,b are relatively stable and reversible redox pro-

cesses were observed at rates as low as 100 mV s�1.

It has been of interest to compare the oxidation potentials of

2a,b and styrylferrocene with those of 2,5-dimethylazaferro-

cene and ferrocene, respectively.

The substitution of a hydrogen atom in ferrocene by the

styryl group brings about an anodic shift of the oxidation

potential equal to 25 mV. In contrast, the same substitution in

the 10-position of 2,5-dimethylazaferrocene causes a cathodic

shift of 58 mV. This suggests that the electronic effect exerted

by the styryl group in styrylferrocene and 2a is completely

different. In the former the styryl group behaves as an

electron-withdrawing group, reducing the electron density at

iron, whereas in the latter it behaves as an electron-donating

group. A possible explanation of this difference is that aza-

ferrocenyl group is more prone to accept an electron than the

ferrocenyl group (the reduction potentials of ferrocene and

azaferrocene are �2.93 and �2.56 V, respectively).22

A comparison of the effects of p-methoxystyryl group on the

oxidation potential of ferrocenyl and azaferrocenyl group is

also of interest. According to the literature (p-methoxystyryl)

ferrocene has an oxidation potential 60 mV lower than the

oxidation potential of ferrocene, indicating that this group

behaves as an electron donor group towards the ferrocenyl

moiety.24 Surprisingly, we have found that the p-methoxy-

styryl group attached to the 2,5-dimethylazaferrocene exerts a

much stronger effect lowering the oxidation potential of the

metallocene moiety by 380 mV! This huge effect can be

tentatively attributed to the greater electronegativity of nitro-

gen causing removal of electron density from iron (compare

oxidation potential of 2,5-dimethylazaferrocene with that of

ferrocene22) and to a tendency of pyrrolyl complexes for Z5 -

Z3 ring slippage.25 Both effects may enable efficient transfer of

electron density from the p-methoxyphenyl group to iron as is

shown in the mesomeric structure I.

The above-mentioned data show that substituents effects in

p-conjugated systems containing azaferrocenyl moiety can be

different and much stronger than substituent effects in their

ferrocenyl counterparts. This presents a considerable potential

for synthesis of complexes with tailored redox properties for

applications in materials science.

The electrochemical behaviour of 2c was compared with

those of (E)-1,2-diferrocenylethene, ferrocene and 2,5-di-

methylazaferrocene. Cyclic voltammograms of 2c and (E)-

1,2-diferrocenylethene are shown in Fig. 2. Both compounds

show two quasi-reversible oxidation waves due to the presence

of two metallocenyl units. In the case of (E)-1,2-diferroceny-

lethene the ferrocenyl groups are equivalent and two oxidation

waves result from the electronic coupling in the mixed-valence

product of the one-electron oxidation.16,17 The difference of

potentials of the two waves, (DE) = EI
1/2 � EII

1/2, observed in

our experiment (152 mV) is closely similar to the value

reported in the literature (170 mV).17

In contrast, in 2c there are two different metallocenyl groups

and two oxidation waves are expected, regardless the presence

or absence of the electronic coupling between metal centres.

We assign the first wave to the oxidation of the ferrocenyl

Fig. 1 Cyclic voltammogram of 2a (a), 2b (b) and styrylferrocene (c)

in CH2Cl2 with 0.1 M Bu4NClO4 at a Pt-disk electrode, f = 1.5 mm,

scan rate: 0.1 V s�1.

Fig. 2 Cyclic voltammogram of 2c (a) and (E)-1,2-diferrocenylethene

(b) in CH2Cl2 with 0.1 M Bu4NClO4 at a Pt-disk electrode, f = 1.5

mm, scan rate: 0.1 V s�1.
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group and the second wave to the oxidation of the azaferro-

cenyl moiety. This assignment is confirmed by the fact that

coordination of 2c to the W(CO)5 moiety (compound 4)

practically does not influence the first wave but shifts anodi-

cally the second wave, which becomes chemically irreversible

(Table 2 and Fig. 3). This shift (203 mV) is comparable to that

observed on going from 2,5-dimethylazaferrocene to its

Cr(CO)5 complex (150 mV).22 The potential of the first wave

(41 mV) suggests that the azaferrocenylethenyl group is a

stronger electron-withdrawing group than the styryl group.

On the other hand, the oxidation of the azaferrocenyl moiety

(second wave) occurs at the potential only slightly higher

(difference 12 mV) than the oxidation of 2,5-dimethylazafer-

rocene, which means that the oxidised ferrocenylethenyl group

has an electronic effect comparable with that of hydrogen. The

redox behaviour of 2c significantly differs from that of (E)-1,2-

diferrocenylethene, where as a result of the electronic coupling

and stabilisation of the mixed-valence mono-oxidised species,

the first oxidation wave appears at a potential significantly

lower, and the second wave at a potential higher by approxi-

mately the same value than the oxidation potential of ferro-

cene (�79 andþ73 mV, respectively). In the case of 2c, the first

oxidation potential is higher than the oxidation potential of

ferrocene, whilst the second oxidation potential is only slightly

higher than that of 2,5-dimethylferrocene. This suggests only a

weak electronic coupling between two iron centres in 2c,

corresponding to the DE E 2 � 12 mV = 24 mV. Interest-

ingly, almost the same value (22 mV) is obtained by subtract-

ing from the difference in the second oxidation potential of 2c

and that of 1,2-diferrocenylethene (176 mV) the difference in

the oxidation potentials of 2a and styrylferrocene (154 mV).

It has been well established that in heterobinuclear organo-

metallic complexes with unsaturated carbon bridges the degree

of interaction between metals decreases when the difference in

their redox potentials increases.26 Therefore, a significant

difference in oxidation potentials of 2,5-dimethylazaferrocene

and ferrocene (237 mV) may be one of the factors weakening

the electronic coupling in 2c in comparison to that in 1,2-

diferrocenylethene. Another factor to be taken into account is

that oxidation of azaferrocene may remove an electron which

is not entirely localized at iron as it is in the case of ferrocene,

but rather at the pyrrolyl ligand.23 In fact, it has been observed

that azaferrocenium cations exhibit reactivity typical for pyr-

role radical cations and better stability of the 2,5-disubstituted

species was explained by the lack of reactive, acidic a-hydro-
gen atoms in the pyrrolyl ligand.23 If it is true, in 2c there are

not two metal-centred redox sites as in (E)-1,2-diferrocenyl-

ethene,16,17 but one metal-centred and one rather delocalized

site. The coupling between such sites is expected to be different

(weaker) than the coupling between metal-centred sites.

Mass spectra

Some features of the mass spectra (EI) of compounds 2a–c are

worth noting. It is known that in the main fragmentation peak

in the mass spectrum of the parent (C4H4N)(C5H5)Fe is that

corresponding to the (C5H5)Fe
1 ion, which reflects weaker

bonding of the pyrrolyl ligand in the molecular ion in com-

parison to its carbocyclic counterpart.27 The similar fragmen-

tation pattern is observed in the case of 2a–b, the main

fragmentation peak corresponding to the loss by the molecular

ion of the 2,5-dimethylpyrrolyl ligand, (M � 94)1. However,

in the case of 2c the most intense fragmentation peak is that of

M � 65 (M � Cp)1 and the peak (M � 94)1 is approximately

2.5 times weaker. This corroborates the electrochemical data

indicating that the first oxidation step of 2c occurs at the

ferrocenyl group and lower ionization potential of ferrocene in

comparison to azaferrocene.27 However, the presence of the

(M � 94)1 ion suggests that ionization of the azaferrocenyl

moiety in 2c also occurs to some extent and may suggest

intramolecular electron transfer Fc(III)1AFc(II) - Fc(II)AFc

(III)1 in an energy-rich molecular ion.

Structural analysis of 4

Crystals suitable for analysis were grown from layered chlor-

oform–heptane. The molecular structure of 4 is shown in Fig.

4 and selected bond distances and angles in Table 3.

Both metallocenyl groups have typical sandwich structures

in nearly eclipsed conformations (torsional angles B3–51),

with cyclic ligands nearly parallel to each other (angles be-

tween their best planes B1–41). The angle between the W–N

bond and the best plane of the pyrrolyl ligand (tilt angle) is

5.8(6)1. The atoms C1C, C10, C11, C2B are practically

Fig. 3 Cyclic voltammogram of 2c (a) and 4 in CH2Cl2 with 0.1 M

Bu4NClO4 at Pt-disk electrode, f = 1.5 mm, scan rate: 0.1 V s�1.

Fig. 4 Thermal ellipsoid plot (30% probability) of 4. Hydrogen

atoms omitted for clarity.

904 | New J. Chem., 2006, 30, 901–907 This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2006
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coplanar as expected for an ethylene fragment, and their best

plane makes with the planes of the adjacent CpB and CpC

ligands anglesB22 andB161, respectively. The dihedral angle

between the planes of these ligands is B351. The lengths of

single- and double carbon–carbon bonds in the ethylene bridge

are close to those reported for closely related derivatives of

1,2-diferrocenylethene28 and the (E)-2-ferrocenylethenylcobal-

tocenium cation.29 A peculiar feature of the structure is a cis

arrangement of metallocenyl moieties with respect to the plane

of the ethylenic spacer. A similar arrangement was reported for

1-ferrocenyl-2-(1,2,3,4,5-pentamethylferrocen-10- yl)ethene.30

However, the lengths of the W–N and W–C bonds are

practically the same as those in the W(CO)5(2,5-dimethylaza-

ferrocene),31 although it should be noticed that some of the

atoms in the coordination sphere of tungsten are strongly

vibrating, which limited the accuracy of the determination of

the atomic coordinates and bond lengths (refinement of these

atoms in disordered positions did not allow to improve the

accuracy). The Fe� � �Fe distance in 4 is 6.529(3) Å. The

structure of 4 shows a possibility of an extensive electronic

coupling between the metallocenyl moieties across the ethyl-

enic spacer, which contradicts the electrochemical data (the

first oxidation potential is practically the same for 2c and 4).

However, unfortunately, we cannot provide evidence that the

solid-state structure persists in solution.

Conclusions

The results obtained in this work show that the aryl-capped

ethenylazaferrocenes are, similarly as their ferrocenyl counter-

parts, conjugated p-systems. They exhibit quasi-reversible

anodic electrochemistry at relatively low potential scan rates

(B100 mV s�1). However, since the azaferrocenyl group is

stronger electron acceptor than the ferrocenyl group, the effect

of electron-donating substituents on the redox potential of the

metallocenyl moiety is much stronger for azaferrocene deriva-

tives. In contrast to (E)-1,2-diferrocenylethene, (E)-2-ferroce-

nyl-1-(2,5-dimethylazaferrocen-1 0-yl)ethene (2c), shows only

weak electronic coupling between metal centres. However, this

compound displays two redox waves in cyclic voltammetry,

due to non-equivalence of the metallocenyl groups. The redox

potential of the azaferrocenyl group can be changed by

coordination to a metal centre, whereas the redox potential

of the ferrocenyl group is less sensitive to such a structural

modification. The above data indicate that aryl-capped ethe-

nylazaferrocenes are of potential interest for construction of

molecular devices with tailored electronic or opto-electronic

properties.

Experimental

General

All reactions were carried out under argon. THF was distilled

over sodium/benzophenone. Other solvents were reagent

grade and were used without prior purification. Chromato-

graphic separations were carried out using silica gel 60 (Merck,

230–400 mesh ASTM). 1H NMR spectra were recorded on a

Varian Gemini 200BB (200 MHz) spectrometer. IR spectra

were recorded on a FT-IR Nexus Nicolet apparatus. Mass

spectra were run on a Finnigan MAT 95 spectrometer. The

combustion analyses were performed by Analytical Services of

the Center of Molecular and Macromolecular Studies of the

Polish Academy of the Sciences (yód$).

2,5-Dimethylazaferrocene,32 2,5-dimethylazaferrocene-1 0-

carbaldehyde 3,19 styrylferrocene,33 (E)-1,2-ferrocenylethene34

and diethyl (ferrocenylmethyl)phosphonate20 were prepared

according to the literature procedures. Other compounds were

commercial reagents (Aldrich) and were used as received.

Syntheses

General procedure for the synthesis of 2. The appropriate

phosphonate (0.24 mmol) was dissolved in dry THF and

cooled to 0 1C. Potassium tert-butoxide (31 mg, 0.28 mmol)

was added and the mixture was stirred vigorously. A yellow

coloration of the solution appears. After 30 min of stirring

at 0 1C the solution was warmed to room temperature and 2,5-

dimethylazaferrocene-10-carbaldehyde (60 mg, 0.24 mmol) in

3 ml of THF was added. The reaction mixture was refluxed for

3 h, quenched by addition of water and extracted with diethyl

ether. The ether layer was washed with brine and dried. After

the evaporation of the solvent, the product was isolated by

chromatography on silica using ethyl acetate as eluent.

2a (53 mg, 70%). Orange, air-stable oil (Found: C, 71.60; H,

6.17; N, 4.34. C19H19FeN requires C, 71.94; H, 6.04; N, 4.42).

dH (200 MHz; CDCl3; Me4Si): 7.48–7.24 (5H, m, 5H, Ph), 6.84

(1H, d, J = 16.2, vinyl), 6.75 (1H, d, J = 16.2, vinyl), 4.39

(2H, t, J = 1.7, Cp), 4.32 (2H, s, b-pyrrolyl), 4.28 (2H, t, J =

1.7, Cp), 2.19 (6H, s, CH3). m/z (EI, 70 eV) 317.0862 (89,

M1 � C19H19NFe requires 317.0867), 223 (100, M � C6H8N),

94 (2, C6H8N).

2b (22.5 mg, 27%). Orange air-stable oil (Found: 69.31; H,

6.66. C20H21FeNO requires C, 69.18; H, 6.16). dH (200 MHz;

CDCl3; Me4Si): 7.40 (2H, d, J = 8.8, C6H4), 6.89 (2H, d, J =

8.8, C6H4), 6.75 (1H, d, J= 16.1, vinyl), 6.66 (1H, d, J= 16.1,

vinyl), 4.37 (2H, t, J = 1.8, Cp), 4.32 (2H, s, b-pyrrolyl), 4.27
(2H, t, J = 1.8, Cp), 3.83 (3H, s, OCH3), 2.20 (s, 6H, 2 �
CH3). m/z (EI, 70 eV) 347.0969 (100, M1 � C20H21NOFe

requires 347.0972), 253 (77, M � C6H8N), 94 (2, C6H8N).

Table 3 Selected bond lengths (Å) and angles (1) in 4

W1–C400 1.992(11) C10–C2B 1.480(16)
W1–C500 2.017(17) C11–C1C 1.493(17)
W1–C200 2.019(15) C100–O100 1.086(19)
W1–C300 2.057(15) C200–O200 1.157(18)
W1–C100 2.058(19) C300–O300 1.135(16)
W1–N1A 2.277(9) C400–O400 1.130(18)
C10–C11 1.312(15) C500–O500 1.123(17)

C400–W1–C500 84.7(8) C500–W1–N1A 178.2(6)
C400–W1–C200 175.0(7) C200–W1–N1A 91.4(6)
C500–W1–C200 90.4(7) C300–W1–N1A 92.8(5)
C400–W1–C300 88.5(5) C100–W1–N1A 92.1(4)
C500–W1–C300 87.1(7) C11–C10–C2B 124.0(13)
C200–W1–C300 90.9(7) C10–C11–C1C 122.5(12)
C400–W1–C100 90.0(8) O100–C100–W1 171(2)
C500–W1–C100 88.1(6) O200–C200–W1 176.8(15)
C200–W1–C100 90.2(9) O300–C300–W1 171.9(16)
C300–W1–C100 175.0(6) O400–C400–W1 175.8(18)
C400–W1–N1A 93.5(6) O500–C500–W1 178.1(15)
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2c (61 mg, 60%). Orange air-stable oily solid. dH (200 MHz;

CDCl3; Me4Si): 6.50 (1H, d, J = 16.0, vinyl), 6.36 (1H, d, J=

16.0, vinyl), 4.39 (2H, t, J = 1.6, Cp-azaferrocenyl), 4.30 (4H,

br, Cp-azaferrocenyl and b-pyrrolyl), 4.25 (2H, t, J= 1.9, Cp-

ferrocenyl), 4.24 (2H, t, J = 1.9 Hz, Cp-ferrocenyl), 4.13 (5H

s, Cp0-ferrocenyl), 2.23 (6H, s, 2 � CH3). m/z (EI, 70 eV)

425.0534 (100, M1 � C23H23Fe2N requires 425.0529), 360 (66,

M � Cp) 331 (25, M � C6H8N), 94 (7, C6H8N).

Synthesis of 4. Tungsten hexacarbonyl (53 mg, 0.15 mmol)

dissolved in THF (20 ml) was photolysed with a 200 W high-

pressure mercury lamp for 2 h. 2c (30 mg, 0.08 mmol) was

added to the photolyte and the resulting solution was stirred at

room temperature for 4 h. Removal of solvent, column

chromatography (SiO2/hexane–chloroform 1 : 1) gave 4 (48

mg, 80%) as orange crystals (Found: C, 45.25; H, 3.33; N,

1.70. C28H23O5Fe2NW requires C, 44.90; H, 3.09; N, 1.87). dH
(200 MHz; CDCl3; Me4Si): 6.60 (1H, d, J = 16.0, vinyl), 6.34

(1H, d, J = 16.0, vinyl), 4.51 (2H, s, b-pyrrolyl), 4.41 (4H, s,

Cp0-azaferrocenyl), 4.30 (4H, s, Cp-ferrocenyl), 4.13 (5H, s,

5H, Cp0-ferrocenyl), 2.53 (6H, s, 6H, 2 � CH3). nmax (CHCl3)/

cm�1: 2067, 1921 (CRO).

Cyclic voltammetry measurements

The cyclic voltammetry measurements were performed on a

AUTOLAB (Eco Chimie BV) apparatus in a three-electrode

system, where the working electrode was a Pt disk (f = 1,5

mm), the reference electrode was a ferrocene electrode, and the

counter electrode was a cylindrical platinum gauze. The

experiments were carried out under an argon atmosphere with

0.1 M solutions of the complexes in CH2Cl2 containing 0.1 M

Bu4NClO4 as supporting electrolyte.

X-Ray diffraction analysis of 4

Crystals suitable for analysis were grown from layered chlor-

oform–heptane.

X-Ray diffraction data were collected at 293 K on Rigaku

AFC5S four-circle diffractometer using Mo-Ka radiation. The

unit cells were determined from 45 reflections. The structure

was solved by direct methods using SHELXS-9735 and refined

by full-matrix least squares method on F2 using SHELXL-

97.36 After the refinement with isotropic displacement para-

meters, refinement was continued with anisotropic displace-

ment parameters for all non-hydrogen atoms. All hydrogen

atoms were placed on geometrically idealized positions and

constrained to ride on their parent atoms, with a C–H distance

of 0.950 Å and Uiso(H) = 1.2Ueq (C). The molecular geometry

was calculated by PARST9737 and PLATON.38 Fig. 4 has

been prepared using PLATON. Crystal data and structure

refinement are collected in Table 4.

CCDC reference number 293101.

For crystallographic data in CIF or other electronic format

see DOI: 10.1039/b600022c
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