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Abstract

The reaction of terephthal-bis-imines with Fe2(CO)9 proceeds via a C�H activation reaction in the ortho position with respect
to one of the imine functions. The corresponding hydrogen atom is shifted towards the former imine carbon atom producing a
methylene group instead. The dinuclear iron complexes formed by this reaction sequence and showing no coordination of the
second imine group were isolated from reactions of bis-imines with both phenyl and cyclohexyl substituents at the imine nitrogen
atoms. In addition, we observed three different reaction pathways of the second imine substituent of the starting material which
is obviously thus influenced by the fact that the first one is coordinating an Fe2(CO)6 moiety. If the organic substituent at the
imine nitrogen atoms is a phenyl group the formation of a trinuclear complex is achieved in which an additional Fe(CO)3 group
is coordinating the CN double bond and one of the carbon�carbon bonds of the central phenyl ring in an h4-fashion. The same
reaction leads to the isolation of a tetranuclear iron�carbonyl compound in which both imine substituents were transformed via
the pathway described above, each building up dinuclear subunits. In contrast to this the reaction of a bis-imine with cyclohexyl
groups at the imine nitrogen and thus an enhanced nucleophilicity leads to the formation of a tetranuclear complex in which only
one imine group reacts under C�H activation with subsequent hydrogen migration towards the former imine carbon atom. The
second imine substituent also shows a C�H activation reaction in the ortho position with respect to the imine group but the
corresponding hydrogen atom is transferred to one of the aromatic carbon atom of the central phenyl ring of the ligand. The C�N
double bond remains unreacted and only coordinates the second Fe2(CO)6 moiety via the nitrogen lone pair. © 2000 Elsevier
Science S.A. All rights reserved.
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1. Introduction

C�H activation reactions induced by transition metal
compounds are key steps in a lot of catalytic transfor-
mations leading to the formation of new C�C bonds
and have thus been studied thoroughly during the last
number of years [1]. If aromatic compounds bearing
functional groups with the potential to act as coordina-
tion sites for transition metals are used, the C�H activa-
tion step normally takes place regioselectively in terms
of an orthometallation reaction [2].

During the last number of years we reported the
reaction of Fe2(CO)9 with imines derived from aromatic
aldehydes like benzaldehyde, thiophene-carbaldehyde,
pyrrole-carbaldehyde and others. We found that the
reactions proceeded via the activation of a C�H bond
in the ortho position with respect to the exocyclic imine
moiety, followed by a 1,3-hydrogen transfer reaction
towards the former imine carbon atom, thus forming a
methylene group instead [3]. The reaction of imines
derived from naphthylcarbaldehydes shows that hydro-
gen migration may also follow other pathways depend-
ing on the substitution position (a- or b-naphthyl
derivatives) and the organic subsituent at the imine
nitrogen atom [4].

Since aromatic imines may be catalytically reacted
with CO and/or olefins in the presence of Ru3(CO)12 to
form new C�C bonds regioselectively in the ortho posi-
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tion with respect to the imine substituent the reactions
of the same organic substrates with Fe2(CO)9 may well
serve as model reactions for the initial steps of catalytic
C�C bond formation [5].

In the reaction of imines derived from naphthylcar-
baldehydes we saw that hydrogen migration following
the C�H activation step is obviously determined by the
electronic properties of the starting compound [4]. So,
we were interested in the reactions of bifunctional
imines with Fe2(CO)9 in order to see whether the reac-
tion of the iron�carbonyl with one of the imine func-
tions has any significant influence on the reactivity of
the second imine moiety. In this report we describe the
products that may be obtained from the reaction of
bis-imines derived from terephthalaldehyde and
Fe2(CO)9.

2. Results and discussion

2.1. Synthesis and spectroscopic properties of the
compounds

The bis-imines of terephthalaldehyde 1a and 1b are
easily prepared by the reaction of the aldehyde with
two equivalents of the corresponding amine followed
by a recrystallization from ethanol [6]. Treatment of 1a
and 1b with Fe2(CO)9 in n-heptane at 50°C leads to the
formation of the organoiron complexes 2–5 (Scheme
1).

The dinuclear compounds 2a and 2b are the main
products of the reaction whereas the product distribu-
tion concerning complexes 3–5 depends on the organic
substituent at the imine nitrogen atom. In 2a and 2b
one of the imine moieties shows the same reactivity
pattern of subsequent C�H activation and 1,3-hydrogen

migration as it was previously observed for a series of
aromatic imines [3]. The second imine group remains
unreacted.

The trinuclear complex 3, which is only observed in
the reaction starting from 1b, shows the same dinuclear
subunit at one of the imine substituents as it is found in
2a and 2b. The second imine moiety is involved in the
coordination of an Fe(CO)3 group, which may be de-
scribed in analogy to the well known (h4-1-azadi-
ene)Fe(CO)3 complexes [7]. So at the second imine
group no C�H activation step takes place.

In addition, there are two different tetranuclear
iron�carbonyl complexes formed, of which 4 is only
isolated from the reaction of 1a with Fe2(CO)9 besides
2a. On the other hand, the reaction of 1b yields 5 as
well as 2b and 3. Both 4 and 5 show that one of the
imine substituents builds up the same dinuclear subunit
observed for 2a, 2b and 3 by a C�H activation reaction
in the ortho position with respect to the imine group
and a subsequent migration of a hydrogen atom to-
wards the former imine carbon atom. In 4 and 5 a
second C�H activation is observed, but the two com-
plexes differ in the pathway of hydrogen migration
following C�H activation. In 4 the hydrogen atom is
transferred towards one of the aromatic carbon atoms
of the central phenyl ring of the former terephthalic
aldehyde building up a methylene group instead. Only
in 5 do both imine subunits of the starting material
show the expected reactivity in the reaction with
Fe2(CO)9 building up two dinuclear subunits in which
the hydrogen atoms were shifted towards the former
imine carbon atoms.

All compounds may easily be identified by their
NMR spectroscopic properties. In 2a and 2b only one
of the imine groups reacted with Fe2(CO)9. So the
1H-NMR spectra show signals characteristic for imine

Scheme 1.
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hydrogen atoms above 8 ppm as well as resonances
representing the methylene groups at the second former
imine carbon atom at about 4 ppm. As it was already
observed for the reaction of other aromatic imines the
signal of the methylene moiety in 2a and 2b is observed
as a singlet although in principle they are diastereotopic
[3,4]. Together with the fact that there is only one
carbon resonance for the CO ligands this shows the
high fluxionality of the Fe2(CO)6 moiety in solution.
This fluxionality has also been observed for dinuclear
ruthenium carbonyl complexes with enyl-amido ligands
and has been described as a windshield wiper process
[7]. In contrast to the ruthenium complexes the motion
of the Fe(CO)3 moieties in 2a and 2b may not be frozen
since there is no change in the hydrogen NMR spectra
when lowering the temperature from 20 to −85°C.

In 3 the methylene group, which is formed during the
reaction by a C�H activation, 1,3-hydrogen shift reac-
tion sequence, gives rise to a typical AB-spin pattern in
the hydrogen NMR. In addition, the 13C-NMR spec-
trum shows seven CO resonances with one at 209.9
ppm showing a higher intensity than the other ones. So
only one of the Fe(CO)3 groups still shows a free
rotation with respect to the ligand whereas the other
iron�carbonyl moieties are fixed. The hydrogen atoms
of the 1-azadiene subunit which is h4-coordinated of
the third Fe(CO)3 fragment show signals which are
shifted to higher field compared to the free ligand
which corresponds very well with results already pub-
lished in the literature for similar compounds [8].

Complex 4 shows two different methylene groups
being formed during the reaction, one at one of the
former imine carbon atoms, the second at one of the
carbon atoms of the central phenyl ring of the tereph-
thalic aldehyde. Both give rise to AB-spin patterns in
the hydrogen NMR between 3.2 and 4.0 ppm. The
presence of only two CO resonances in the carbon
NMR spectrum of 4 shows the equivalence of the CO
ligands within the two different Fe2(CO)6 moieties. So
the observation of both methylene groups as AB sys-
tems showing the diastereotopicity of those hydrogen

atoms is obviously due to the different coordination
modes of the Fe2(CO)6 fragments adding an additional
element of asymmetry to the molecule. The remaining
aromatic hydrogen atom of the phenyl ring as well as
the second imine double bond show hydrogen reso-
nances at expected values.

Complex 5 also shows two methylene groups, but in
contrast to 4 both imine subunits of the free ligand
show exactly the same reaction pathway when treated
with Fe2(CO)9. So the molecule exhibits an internal
center of symmetry, which is also observed in it’s
crystal structure (see below), leading to a simplification
of the NMR spectra. Both methylene groups are ob-
served as one singlet at 4.21 ppm as are the remaining
aromatic hydrogen atoms of the central phenyl moiety
at 8.17 ppm. In addition, there is only one CO reso-
nance present in the carbon NMR spectrum again
showing the high fluxionality of the organometallic
residues.

2.1.1. Structure determinations
By means of recrystallization from mixtures of light

petroleum (b.p. 40–60°C) and CH2Cl2 at −20°C it was
possible to obtain crystals suitable for X-ray structure
determinations for all compounds.

The result of the structure determination of 2a is
shown in Fig. 1, the same atom numbering scheme has
been adopted for the structure of 2b. Selected bond
lengths and angles of 2a and 2b are summarized in
Table 1. In 2a and 2b only one of the two imine
substituents of the bis-imine has reacted with Fe2(CO)9.
In the ortho position with respect to the former C�N
double bond (C1�N1) a C�H activation reaction took
place and the central phenyl ring is metallated by one
of the iron atoms (Fe2). The corresponding hydrogen
atom is transferred to the former imine carbon atom
producing a methylene group instead. The bond lengths
and angles at C1 are typical for a tetrahedrally sur-
rounded sp3 carbon atom. So the ligand may be de-
scribed as a formally six-electron donating enyl-amido
ligand coordinating an Fe2(CO)6 moiety. The apical

Fig. 1. Molecular structure of 2a, the numbering scheme has been adopted for the structure analysis of 2b.
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Table 1
Selected bond lengths (pm) and angles (°) of 2a and 2b

2b 2a2a 2b

242.49(5)Fe1�Fe2 246.1(1) Fe1�N1 197.2(2) 196.9(3)
216.0(4) Fe1�C2221.9(2) 236.6(2)Fe1�C7 229.5(2)

199.0(2)Fe2�N1 198.4(4) Fe2�C7 199.0(2) 198.2(5)
147.6(3)N1�C1 146.6(7) C1�C2 149.6(3) 151.5(6)

141.5(7) C2�C3142.1(3) 141.8(3)C2�C7 143.0(7)
135.9(4)C3�C4 136.3(6) C4�C5 142.3(4) 143.2(8)

136.5(8) C6�C7C5�C6 142.7(4)136.8(4) 143.5(6)
147.5(6) C8�N2147.4(4) 126.4(3)C5�C8 125.7(7)

N1�Fe2�C7 78.4(2)79.11(9) Fe2�C7�C2 130.3(2) 114.2(3)
113.6(4) C2�C1�N1114.8(2) 102.2(2)C7�C2�C1 100.9(4)
111.8(3) C1�C2�C3C1�N1�Fe2 122.8(2)112.5(1) 123.9(4)
116.2(4) C5�C8�N2115.8(2) 121.4(2)C2�C7�C6 122.6(5)
118.4(5)C8�N2�C15 118.4(2)

The molecular structure of 3 is shown in Fig. 2, the
most significant bond lengths and angles are depicted in
Table 2. One of the imine groups has reacted as de-
scribed for 2a and 2b building up a dinuclear subunit
by C�H activation with subsequent hydrogen migration
towards the former imine carbon atom (C1). The bond
lengths and angles show the same properties as in 2a
and 2b. In contrast to 2a and 2b the second imine
substituent also interacts with an iron�carbonyl frag-
ment. In this case no C�H activation reaction occurs
and the Fe(CO)3 moiety coordinates the imine double
bond as well as the aromatic carbon�carbon bond
(C4�C5) of the central phenyl ring that is neighboring
the metallated carbon atom C3. Interestingly it was just
this aromatic carbon�carbon bond that we found to be
more electron rich compared to the corresponding bond
of C5 towards the other the ortho position in the
structure analysis of 2a. The iron atom shows an h4-co-
ordination to an 1-azadiene type ligand in which the
carbon�carbon double bond is part of an aromatic
system. Very recently we were able to isolate the first

iron atom (Fe1) shows a metal�metal bond and in
addition interacts with the former imine nitrogen atom
(N1) and one of the aromatic carbon�carbon bonds of
the central phenyl ring (C2�C7). The latter interaction
shows two significantly different iron�carbon bond
lengths. The iron�carbon bond of Fe1 with the carbon
atom that is metallated by Fe2 (C7) is about 15 pm
shorter than the other iron�carbon bond (Fe1�C2). The
same effect has been observed for derivatives of 2a and
2b derived from benzaldimines or heterocyclic imines
[3]. Another interesting fact is that C5, where the
second imine group is situated, shows two aromatic
carbon�carbon bonds of different length. The bond
towards C6 is about 5 pm shorter than the bond
towards C4. So the latter may be more electron defi-
cient compared to C5�C6. The second imine substituent
in 2a and 2b remains unreacted and thus shows bond
lengths and angles of expected values at the corre-
sponding carbon�nitrogen double bond (N2�C8). In
both 2a and 2b the two carbon�nitrogen bonds adopt a
cis-arrangement.

Fig. 2. Molecular structure of 3.
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Table 2
Selected bond lengths (pm) and angles (°) of 3

Fe2�N1 194(1) Fe2�C2Fe2�Fe3 222(1)245.9(3)
Fe3�N1 197(1)214(1) Fe3�C3Fe2�C3 201(1)

150(2)N1�C1 C1�C2 152(2) C2�C3 135(2)
C4�C5 145(2) C5�C6 145(2)C3�C4 145(2)
C7�C2 145(2)135(2) Fe1�C4C6�C7 219(1)

208(1)Fe1�C5 Fe1�C8 208(1) Fe1�N2 208(1)
C8�N2 138(2)C5�C8 140(2)

Fe3�C3�C2 114(1)N1�Fe3�C3 C3�C2�C177.7(5) 117(1)
C2�C1�N1 97(1) C1�N1�Fe3 113.1(7) C1�C2�C7 119(1)

C3�C4�C5 118(1) C4�C5�C6 119(1)C2�C3�C4 120(1)
C6�C7�C2 119(1)121(1) C7�C2�C3C5�C6�C7 123(1)

119(1)C4�C5�C8 C6�C5�C8 122(1) C5�C8�N2 116(1)
C4�Fe1�C8 70.3(5) C4�Fe1�N2C4�Fe1�C5 79.0(5)39.6(5)
C5�Fe1�N2 69.4(5) C8�Fe1�N2 38.8(5)C5�Fe1�C8 39.5(5)

structurally characterized compound of this type from
the reaction of an imine derived from b-naphthylcar-
baldehyde with Fe2(CO)9 [4]. On the other hand, this
coordination mode has often been reported for
iron�carbonyl complexes of acyclic a,b-unsaturated
imines [8]. In 3 the coordination of Fe1 to the azadiene
subunit of the bis-imine ligand (C4�C5�C8�N2) shows
bond lengths and angles typical for (h4-1-azadi-
ene)Fe(CO)3 complexes [8]. The most significant feature
is the fact that the iron�carbon bond length towards the
C-terminal end of the azadiene moiety (C4) is about 10
pm longer than the bond length of Fe1 towards the two
central carbon atoms (C5, C8). In our earlier work we
were able to show by means of extended Hückel calcu-
lations that this observation is due to the fact that there
are partial negative charges at C4 and N2, so that the
ligand may also be described as a dianionic ligand with
a central carbon�carbon double bond coordinating an
Fe2+ ion [8e].

Fig. 3 shows the molecular structure of 4, selected
bond lengths and angles are summarized in Table 3. 4

is a tetranuclear iron�carbonyl complex in which both
imine groups of the starting material interact with
Fe2(CO)9 via a reaction sequence of C�H activation
and hydrogen migration. One of the imine substituents
shows a dinuclear subunit which is analogous to the
one described for 2a and 2b. So the C�H activation step
also took place in the ortho position with respect to the
exocyclic imine moiety. The corresponding hydrogen
atom was then transferred towards the former imine
carbon atom (C8) producing a methylene group in-
stead. In the description of the molecular structures of
2a and 2b it was pointed out that the coordination of
the apical iron atom (Fe3 in 4) is unsymmetrical. The
same effect is observed in the molecular structure of 4,
but the difference between the bond length of Fe3�C5
and Fe3�C6 is only about 5 pm compared to 15 pm for
2a and 2b. The second imine moiety in 4 also reacted
via a C�H activation reaction in the ortho position with
respect to the imine group. The hydrogen atom was
then transferred towards one of the aromatic carbon
atoms of the central phenyl ring (C7) whereas the imine

Fig. 3. Molecular structure of 4.
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Table 3
Selected bond lengths (pm) and angles (°) of 4

Fe1�C2 221.3(2)Fe1�Fe2 Fe1�C3264.52(7) 196.0(3)
215.9(4)Fe1�C4 Fe2�N1 201.3(3) Fe2�C3 195.2(3)

C1�C2 144.8(5)129.0(4) C2�C3C1�N1 142.4(5)
142.6(5)C3�C4 C4�C5 147.1(5) C5�C6 140.3(5)

C7�C2 152.0(5) Fe3�Fe4C6�C7 245.10(7)151.5(5)
Fe3�C5 220.5(3)197.4(3) Fe3�C6Fe3�N2 215.0(3)
Fe4�C6 195.1(3) N2�C8Fe4�N2 148.0(4)197.5(3)

151.1(5)C8�C5

C2�Fe1�Fe2 69.25(8) C2�Fe1�C3 39.3(1) C2�Fe1�C4 65.9(1)
C3�Fe1�C4 40.2(1)47.34(9) C4�Fe1�Fe2C3�Fe1�Fe2 78.38(9)

85.1(1)Fe1�C3�Fe2 C3�Fe2�N1 83.2(1) Fe2�N1�C1 112.9(2)
N1�C1�C2 116.7(3) C1�C2�C3 114.5(3) C2�C3�Fe2 110.1(2)

C3�C4�C5 120.6(3)113.2(3) C4�C5�C6C2�C3�C4 123.1(3)
C6�C7�C2 114.5(3)C5�C6�C7 C7�C2�C3117.6(3) 123.1(3)
N2�C8�C5 100.1(3)111.9(2) C8�C5�C6Fe4�N2�C8 113.4(3)

114.9(2)C5�C6�Fe4 C6�Fe4�N2 79.2(1) Fe4�Fe3�N2 51.65(8)
Fe4�Fe3�C6 49.65(9)75.04(9) N2�Fe3�C5Fe4�Fe3�C5 66.3(1)

74.6(1)N2�Fe3�C6 C5�Fe3�C6 37.6(1)

double bond remains unreacted and thus shows a bond
length of 129 pm. So one of the iron atoms (Fe2) of this
Fe2(CO)6 moiety metallated the phenyl ring (C3) and is
coordinated by the lone pair of the imine nitrogen (N1).
The apical iron atom (Fe1) beside a metal–metal inter-
action shows a p-allyl type coordination to three car-
bon atoms of the former aromatic system (C2, C3, C4).
The same hydrogen migration pathway was observed in
the reaction of an imine of b-naphthylcarbaldehyde
when the organic substituent at the imine nitrogen
atom was – as it is in 4 – a cyclohexyl group.

The molecular structure of 5 is shown in Fig. 4, the
most important bond lengths and angles are depicted in
Table 4. In 5 both imine moieties of the starting
material have reacted in exactly the same way. The
C�H bonds in the ortho position to the imine sub-
stituents are activated and the corresponding hydrogen

atoms are shifted towards the former imine carbon
atom. The middle of the central phenyl ring of the
ligand is a crystallographic center of inversion, so the
bond lengths and angles in both dinuclear subunits of 5
are identical. The main features of the coordination
mode of the Fe2(CO)6 groups are the same as they were
described for 2a and 2b. The difference in the bond
lengths of the apical iron atom (Fe1) towards the two
carbon atoms of the central phenyl ring of the ligand
(C2, C3) is about 23 pm and thus this interaction is
even more unsymmetrical as it is in 2a and 2b.

3. Conclusions

This paper describes the synthesis of a number of
iron�carbonyl complexes from Fe2(CO)9 and bis-imines

Fig. 4. Molecular structure of 5.
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Table 4
Selected bond lengths (pm) and angles (°) of 5

Fe1�N1 197.1(2)Fe1�Fe2 Fe1�C2244.00(6) 218.5(2)
Fe1�C3 Fe2�N1241.4(2) 197.8(2) Fe2�C2 199.1(2)

C3�C4 149.6(4)143.2(4) C4�N1C2�C3 148.0(3)
140.3(4)C1�C2 C1�C3a 139.5(4)

C2�Fe1�Fe2 50.62(7)51.95(6) C3�Fe1�Fe2N1�Fe1�Fe2 72.55(6)
74.26(9)N1�Fe1�C2 N1�Fe1�C3 62.71(8) C2�Fe1�C3 35.83(9)

Fe2�C2�C3 113.1(2) C2�C3�C4 114.6(2)N1�Fe2�C2 78.63(9)
C4�N1�Fe2 111.8(2)102.0(2) C1�C2�C3C3�C4�N1 116.5(2)

C2�C1�C3a C2�C3�C1a121.3(2) 122.2(2)

of terephthalaldehyde. In analogy to imines from ben-
zaldehyde and some heterocyclic aldehydes the main
reaction is the formation of dinuclear compounds in
which a C�H activation reaction occurs in the ortho
position with respect to the exocyclic imine function.
The corresponding hydrogen atom is then transferred
towards the former imine carbon atom producing a
methylene group instead. This reaction sequence leads
to the formation of 2a and 2b in which the second
imine group of the starting material remains unreacted.

Complexes 3 and 5 are only observed if there is an
aromatic substituent present at the imine nitrogen
atoms of the ligand. In the formation of 3 the second
imine moiety reacts like a 1-azadiene type ligand coor-
dinating a Fe(CO)3 group in an h4-fashion with one of
the aromatic carbon�carbon bonds interacting with the
iron atom. So the reaction of Fe2(CO)9 with the second
imine group does not lead to a C�H activation reaction.
The tetranuclear compound 5 shows the reaction se-
quence described for 2a and 2b at both imine sub-
stituents of the starting material.

Another tetranuclear compound is isolated if the
organic substituent at the imine nitrogen atoms is a
cyclohexyl group. In 4 both imine moieties react under
C�H activation in the ortho position with respect to the
imine substituents. The difference in the coordination
modes is realized by different migration pathways of
the corresponding hydrogen atoms. In one case it is
again transferred towards the former imine carbon
atom whereas the second hydrogen atom is shifted
towards one of the carbon atoms of the former central
phenyl ring of the ligand producing another methylene
group there.

So in conclusion it may be said that the reaction of
the first imine substituent induces three different possi-
bilities concerning the reactivity of the second imine
group. Obviously the pathway of the reaction is also
controlled by the nature of the organic substituent at
the imine nitrogen atom which also determines the
basicity of the imine nitrogen atom.

4. Experimental

4.1. General

All procedures were carried out under an argon
atmosphere in anhydrous, freshly distilled solvents.
Chromatography was carried out using silica gel 60 and
silanized silica gel 60, 70–230 mesh ASTM (Merck),
which were dried at 10−2 bar (103 Pa) for 2 days before
use. Infrared spectra were recorded on a Perkin–Elmer
FTIR System 2000 using 0.2-mm KBr cuvettes. NMR
spectra were recorded on a Bruker AC 200 spectrome-
ter (1H: 200 MHz, 13C: 50.32 MHz with CDCl3 as
internal standard) or with a Bruker DRX 400 spec-
trometer (1H: 400 MHz, 13C: 100.62 MHz with CDCl3
as internal standard). Mass spectra were recorded on a
Finnigan MAT SSQ 710 instrument. High-resolution
mass spectrometry (HRMS) was carried out using a
Finnigan MAT 95 XL instrument with FAB tech-
niques. Elemental analyses were carried out at the
laboratory of the Institute of Organic Chemistry and
Macromolecular Chemistry of the Friedrich-Schiller-
University Jena.

4.2. X-ray crystallographic study

Structure determinations were carried out using an
Enraf–Nonius Kappa CCD diffractometer, with a crys-
tal detector distance of 25 mm and 180 frames using
graphite monochromated Mo–Ka radiation. The crys-
tals were mounted in a stream of cold nitrogen. Data
were corrected for Lorentz and polarization effects but
not for absorption. The structures were solved by direct
methods and refined by full-matrix least-squares tech-
niques against F2 using the programs SHELXS-86 and
SHELXL-93 [9]. Computations of the structures were
carried out with the program XPMA [10] and the molec-
ular illustrations were drawn using the program XP [11].
The crystal and intensity data are given in Table 5.
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Table 5
Crystal and intensity data for the compounds 2a, 2b, 3, 4 and 5

2b 3 4 52a

C26H16Fe2N2O6 C29H16Fe3N2O9·0.C26H28Fe2N2O6Formula C32H28Fe4N2O12 C32H16Fe4N2O12

5H2O
Molecular weight (g mol−1) 576.20 564.11 713.99 855.96 843.87
Radiation Mo–Ka Mo–Ka Mo–Ka Mo–Ka Mo–Ka

Graphite GraphiteGraphite GraphiteMonochromator Graphite
183Temperature (K) 183 183 203 183
RedCrystal color Red Red Brown Brown

0.4×0.2×0.02 0.8×0.05×0.010.9×0.2×0.02 0.2×0.15×0.01Crystal size 0.2×0.2×0.2
a (A, ) 13.7200(5) 8.973(1) 9.894(4) 15.9797(5) 9.353(1)

23.963(2) 11.876(5)14.3621(3) 9.0006(4)b (A, ) 12.817(2)
13.2129(5)c (A, ) 11.664(2) 14.303(6) 25.522(1) 14.101(2)
90a (°) 90 109.05(3) 90 90

103.268(5) 98.50(2)97.42(2) 106.149(2)b (°) 104.91(1)
90 98.07(3)g (°) 9090 90
2441.0(5) 1539(1)2581.8(2) 3525.9(2)Volume (A, 3) 1633.6(4)

4Z 4 2 4 2
1192F(000) 1144 716 1736 844

1.535 1.5371.482 1.612Dcalc (g cm−3) 1.716
MonoclinicCrystal system TriclinicMonoclinic Monoclinic Monoclinic
P21/n P1(P21/c P21/nSpace group P21/c

1.167Absorption coefficient (mm−1) 1.236 1.455 1.681 1.808
3.46BuB23.29 3.50BuB23.28u Range 3.41BuB23.355.46BuB23.24 3.39BuB23.34
8-scan, v-scan 8-scan, v-scan8-scan, v-scan 8-scan, v-scanScan mode 8-scan, v-scan

6724Reflections measured 5390 4019 9104 4311
3449Independent reflections 3137 4019 5001 2237

0.0738 0.00000.0184 0.0369Rint 0.0457
3112Reflections observed (Fo

2\2s(Fo
2)) 2002 1777 3946 2067

353Number of parameters 340 401 477 258
0.871 0.9851.082 0.995Goodness-of-fit 1.061

R1 0.0312 0.0426 0.0909 0.0342 0.0340
0.0963 0.19940.0790 0.0776wR2 0.0884

Final diffraction map electron density peak 0.285, −0.411 0.222, −0.255 0.522, −0.349 0.506, −0.399 0.364, −0.467
and hole (e A, −3)

4.3. Preparation of the compounds

In a typical experiment a 500 mg sample of Fe2(CO)9

(1.37 mmol) is stirred together with a slight excess of
the corresponding imine (1.5 mmol, 1a: 447 mg, 1b: 429
mg) in 40 ml n-heptane at 55°C. The reaction is
stopped after all of the starting material is dissolved. If
the starting compound is 1a the reaction is completed
after 40 min and the color of the solution has changed
from light-yellow to reddish-brown. The reaction of 1b
takes 1.5 h to complete, after which time the color of
the solution is deep-red. After evaporation of all
volatile material in vacuo the oily residue is dissolved in
10 ml CH2Cl2 and 1 g of silanized silica gel is added.
The solvent is again evaporated and the product mix-
ture is separated by means of a column chromatogra-
phy under inert conditions using mixtures of light
petroleum (b.p. 40–60°C) and CH2Cl2 as the eluent.
The reaction of 1a yields 154 mg of 4 (12%, 20:1 light
petroleum–CH2Cl2) and 372 mg of 2a (43%, 5: 1 light
petroleum–CH2Cl2). The reaction of 1b produces 116
mg of 5 (9%, 10: 1 light petroleum–CH2Cl2), 211 mg of

3 (20%, 3:1 light petroleum–CH2Cl2) and 296 mg of 2b
(35%, 1:2 light petroleum–CH2Cl2). All compounds
may be recrystallized from mixtures of light petroleum
and CH2Cl2 at −20°C to yield crystals suitable for
X-ray structure analyses.

4.4. Analytical data for 2a

MS (FAB) m/z : 577 (MH+), 549 [MH+−CO], 521
(MH+−2CO), 492 [M+−3CO], 465 (MH+−4CO),
436 [M+−5CO], 408 [M+−6CO]. HRMS
C26H28N2O6Fe2 (576.21): 577.0717, C26H29N2O6Fe2

(MH+), D=0.733475 mmu. IR (Nujol, 293 K) (cm−1):
2061m, 2030sh, 2016vs, 1981vs, 1971s, 1961m, 1954m,
1643w. 1H-NMR (CDCl3, 293 K) (ppm): 1.03–1.83 (m,
20H, CH2), 2.17–2.26 (m, 1H, CH), 3.05–3.23 (m, 1H,
CH), 3.89 (s, 2H, CH2), 7.48 (d, 1H, 3JHH=8.5 Hz,
CH), 7.86 (d, 1H, 3JHH=8.5 Hz, CH), 8.11 (s, 1H,
CH), 8.24 (s, 1H, N�CH). 13C-NMR (CDCl3, 293 K)
(ppm): 24.7 (CH2), 25.7 (CH2), 26.0 (CH2), 26.2 (CH2),
34.4 (CH2), 35.4 (CH2), 64.8 (CH), 69.9 (CH), 74.2
(CH2), 124.6 (C), 128.4 (CH), 128.5 (CH), 134.3 (C),
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145.8 (C), 152.1 (CH), 157.8 (N�CH), 209.8 (CO), 210.4
(CO).

4.5. Analytical data for 4

MS (FAB) m/z : 856 [M+], 828 [M+−CO], 800
[M+−2CO], 772 [M+−3CO], 744 [M+−4CO], 716
[M+−5CO], 688 [M+−6CO], 660 [M+−7CO], 632
[M+−8CO], 604 [M+−9CO], 576 [M+−10CO], 548
[M+−11CO]. HRMS C32H28N2O12Fe4 (855.96):
855.90186, C32H28N2O12Fe4 [M+], D= −2.10805
mmu. IR (Nujol, 293 K) (cm−1): 2067sh, 2053s,
2026vs, 1990m, 1979vs, 1970sh, 1957sh, 1941m. 1H-
NMR (CDCl3, 293 K) (ppm): 0.83–2.05 (m, 21H, CH2,
CH), 3.20 (m, 1H, CH), 3.27 (d, 2JHH=21.5 Hz, 1H,
CH2), 3.53 (d, 2JHH=9.1 Hz, 1H, CH2), 3.55 (d,
2JHH=21.5 Hz, 1H, CH2), 3.96 (d, 2JHH=9.1 Hz, 1H,
CH2), 5.41 (s, 1H, CH), 8.04 (s, 1H, N�CH). 13C-NMR
(CDCl3, 293 K) (ppm): 25.3 (CH2), 25.5 (CH2), 25.7
(CH2), 25.9 (CH2), 26.0 (CH2), 26.3 (CH2), 33.9 (CH2),
34.3 (CH2), 34.6 (CH2), 36.6 (CH2), 44.7 (CH2), 66.3
(CH2), 70.0 (CH), 73.6 (CH), 74.6 (CH), 90.1 (C), 100.9
(C), 166.6 (C), 178.6 (CH), 194.6 (C), 207.1 (CO), 210.4
(CO).

4.6. Analytical data for 2b

MS (FAB) m/z : 565 (MH+), 537 [MH+−CO], 508
[M+−2CO], 480 [M+−3CO], 453 (MH+−4CO), 424
[M+−5CO], 397 (MH+−6CO). HRMS C26H16N2-
O6Fe2 (564.11): 563.9709, C26H16N2O6Fe2 [M+], D=
−0.19192 mmu. IR (Nujol, 293 K) (cm−1): 2066m,
2029vs, 1996s, 1986s, 1970s, 1933m, 1590w. 1H-NMR
(CDCl3, 293 K) (ppm): 4.41 (s, 2H, CH2), 7.07–7.71
(m, 10H, CH), 7.69 (d, 1H, JHH=8.2 Hz, CH), 8.04 (d,
1H, JHH=8.2 Hz, CH), 8.30 (s, 1H, CH), 8.44 (s, 1H,
N�CH). 13C-NMR (CDCl3, 293 K) (ppm): 75.0 (CH2),
120.3 (C), 120.9 (CH), 122.6 (CH), 125.6 (CH), 126.3
(CH), 127.8 (CH), 129.0 (CH), 129.2 (CH), 129.8 (CH),
134.3 (C), 149.5 (C), 151.7 (C), 152.5 (CH), 158.5 (C),
159.1 (N�CH), 209.6 (CO), 210.0 (CO).

4.7. Analytical data for 3

MS (FAB) m/z : 705 (MH+), 648 [M+−2CO], 620
[M+−3CO], 592 [M+−4CO], 565 (MH+−5CO), 536
[M+−6CO], 508 [M+−7CO], 480 [M+−8CO], 424
[M+−8CO−Fe]. HRMS C29H16N2O9Fe3 (704.00):
704.89451, C29H17N2O9Fe3 (MH+), D=3.70292 mmu.
IR (Nujol, 293 K) (cm−1): 2070m, 2054m, 2030vs,
1996sh, 1986vs, 1978sh, 1951m, 1592 (C�N). 1H-NMR
(CDCl3, 293 K) (ppm): 4.02 (d, 2JHH=9.8 Hz, 1H,
CH2), 4.17 (d, 2JHH=9.8 Hz, 1H, CH2), 4.42 (s, 1H,
CH), 6.92–7.22 (m, 13H, CH). 13C-NMR (CDCl3, 293
K) (ppm): 75.3 (CH2), 75.4 (CH), 92.9 (C), 95.0 (C),
101.8 (CH), 121.8 (CH), 122.0 (CH), 122.9 (CH), 124.7

(CH), 125.5 (CH), 128.9 (CH), 128.9 (CH), 129.0 (CH),
152.8 (C), 158.0 (C), 172.0 (C), 204.6 (CO), 206.3 (CO),
208.8 (CO), 209.9 (CO), 210.0 (CO), 211.5 (CO), 212.5
(CO).

4.8. Analytical data for 5

MS (FAB) m/z : 844 [M+], 816 [M+−CO], 788
[M+−2CO], 760 [M+−3CO], 732 [M+−4CO], 704
[M+−5CO], 676 [M+−6CO], 648 [M+−7CO], 620
[M+−8CO], 592 [M+−9CO], 564 [M+−10CO]. IR
(Nujol, 293 K) (cm−1): 2058s, 2022vs, 1999m, 1986s,
1974s, 1966s, 1951m, 1940m. 1H-NMR (CDCl3, 293 K)
(ppm): 4.42 (s, 4H, CH2), 7.08–7.28 (m, 8H, CH), 8.17
(s, 2H, N�CH). 13C-NMR (CDCl3, 293 K) (ppm): 73.3
(CH2), 122.5 (CH), 125.5 (CH), 127.3 (C), 129.0 (CH),
148.6 (C), 151.0 (CH), 158.8 (C), 210.0 (CO).

5. Supplementary material

Crystallographic data for the structural analysis has
been deposited with the Cambridge Crystallographic
Data Centre, CCDC nos. 143603 (2a), 143604 (2b),
143605 (3), 143606 (4) and 143607 (5). 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: de-
posit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.
ac.uk).
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Göbel, D. Ohlmann, J. Flemming, H. Fritzsche, J. Organomet.
Chem. 584 (1999) 33.

[4] W. Imhof, Organometallics 18 (1999) 4845.
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Tetrahedron: Asymmetry 10 (1999) 2983.

[9] (a) G. Sheldrick, SHELXS-86, Universität Göttingen, 1986. (b) G.
Sheldrick, SHELXL-93, Universität Göttingen, 1993.

[10] L. Zsolnai, G. Huttner, XPMA, Universität Heidelberg,
1996.

[11] Siemens Analytical X-ray Instruments Inc., XP-INTERACTIVE

Molecular Graphics, Version 4.2, 1990.

.


