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Tricarbonyl(h4-1,3-diene)iron complexes are a useful class
of organometallic compounds with versatile applications to
organic synthesis.[1] The coordination of the conjugated diene
to the transition metal fragment leads to a significant
alteration of its reactivity. Therefore, the tricarbonyliron
fragment has been used for the stabilization of labile hydro-
carbons and as a protecting group for dienes.[1] After the
desired transformations at the ligand of the tricarbonyl(h4-1,3-
diene)iron complex a demetalation is required to provide the
free diene. This decomplexation of tricarbonyliron complexes
is usually achieved under strong oxidizing reaction conditions,

for example with ferric chloride,[2] ceric ammonium nitrate,[3]

trimethylamine N-oxide (TMANO),[4] cupric chloride,[5] or
hydrogen peroxide/sodium hydroxide.[6] In connection with
investigations of the iron-mediated [2�2�1] cycloaddition[7, 8]

and our studies directed towards the application of tricarbo-
nyliron complexes to the synthesis of alkaloids[9] we required a
method for demetalation of tricarbonyliron complexes by
using extremely mild reaction conditions. Herein we describe
a novel procedure for the demetalation of tricarbonyliron ±
diene complexes using a photolytically induced exchange of
the carbonyl ligands by acetonitrile at low temperature and
subsequent demetalation in the air.

Although the iron-mediated [2�2�1] cycloaddition has
been known for four decades,[10] only a few very limited
applications were reported because of the difficulties associ-
ated with the demetalation of the resulting tricarbonyl(h4-
cyclopentadienone)iron complexes. We recently demonstrat-
ed that selective demetalation is feasible using trimethyl-
amine N-oxide by careful control of the reaction condition-
s.[7a,b] However, the yields in some cases were only moderate.
Therefore, we set out to develop a novel demetalation
procedure in which the bonding of the metal fragment to
the diene becomes labile by exchange of the carbon monoxide
ligands. Acetonitrile ligands appeared to be promising
candidates for such a transformation in the coordination
sphere of the metal since they are rather poor acceptors. Thus,
their introduction should result in a decreased back donation
of electrons from the filled iron d orbitals to the ligand and the
resulting complexes should be more easily oxidized.

The tricarbonyliron complex 1a[7a] is stable at room temper-
ature in the air. No acetonitrile complexes are observed on
refluxing a solution of 1 a in acetonitrile for 29 h in the dark.
However, exposure to daylight at room temperature results in
a very slow formation of the monoacetonitrile complex 2 a
along with the demetalated cyclopentadienone 5 a. Irradiation
of a solution of complex 1 a in acetonitrile under argon
atmosphere using a medium-pressure mercury lamp acceler-
ates the ligand exchange dramatically and leads to a stepwise
exchange of all three carbonyl ligands (Scheme 1, Table 1).

Photolysis of 1 a in acetonitrile at ÿ30 8C afforded after 1 h
the diacetonitrile complex 3 a in 76 % as dark red crystals.
Injection of argon into the solution during the photolysis
provided a purple solution of the triacetonitrile complex 4 a.
The addition of the third acetonitrile ligand is reversible even
atÿ30 8C. Therefore, the complexes 3 a or 4 a can be prepared
selectively. In order to prove the reversibility of the ligand
exchange carbon monoxide was injected at ÿ30 8C into the
purple solution of complex 4 a in acetonitrile. Within 30 min
the color changed to red and the diacetonitrile complex 3 a
was isolated in 65 % yield based on 1 a. On warming the
mixture, the exchange of the second acetonitrile ligand
becomes reversible too. By injection of carbon monoxide at
room temperature the red solution turned orange and the
monoacetonitrile complex 2 a was obtained in 61 % yield
based on 1 a. Related ligand exchange reactions at the cationic
complex [h5-CpFe(CO)3]�PF6

ÿ were previously described by
Astruc et al.[11] However, the cationic CpFe complexes with
acetonitrile ligands reported therein are fairly stable com-
pared to those of cyclopentadienones.
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Scheme 1. Photolytically induced ligand exchange reactions at complex 1a
with acetonitrile and demetalation of the resulting acetonitrileiron com-
plexes 3 a and 4 a.

The structural assignments of the complexes 2 a and 3 a are
based on their spectral data[12] and an X-ray crystal structure
determination of 3 a (Figure 1).[13] A characteristic structural

Figure 1. Molecular structure of 3 a in the crystal. Selected bond lengths
[�]: Fe ± C2 2.114(9), Fe ± C3 2.057(9), Fe ± C4 2.053(9), Fe ± C5 2.131(9),
Fe ± C6 1.758(11), Fe ± N1 1.942(9), Fe ± N2 1.940(8), C1 ± O1 1.237(10),
C6 ± O2 1.155(10), N1 ± C7 1.147(12), N2 ± C8 1.145(12).

feature of the diacetonitrile complex 3 a is the loss of
symmetry caused by exchange of the second carbonyl ligand.
In contrast the complexes 1 a[7a] and 2 a are symmetrical. The
1H and 13C NMR spectra show the unsymmetrical arrange-
ment of the coligands of complex 3 a in solution by the loss of
CS symmetry. The X-ray analysis confirms the conformation
of the metal fragment for the solid state with tetragonal-
pyramidal coordination of the iron atom and one acetonitrile
ligand in the apical position (Figure 1). The 13C NMR
spectrum in deuterated [D8]dioxane at room temperature
exhibits sharp signals for all carbon atoms indicating that the
preferred conformation is frozen under these conditions.
Stepwise increase of the temperature using [D10]p-xylene as
solvent leads to coales-
cence of the two signals
for the trimethylsilyl
(TMS) groups in the
1H NMR spectrum at
400 MHz. The activation
barrier for this fluxional
process caused by basal ±
apical ligand exchange
was determined (Fig-
ure 2).[14] The free enthal-
pies of activation for relat-
ed turnstile rotations of
several tricarbonyliron ±
diene complexes were pre-
viously reported.[15] The
activation barrier for the intramolecular ligand exchange at
the present (diacetonitrile)carbonyliron fragment of 3 a was
found to be DG=� 17.0� 0.3 kcalmolÿ1 (TC� 334� 5 K, Dn�
18 Hz). This value is significantly higher than observed for
the tricarbonyliron complexes of cyclohexa-1,3-diene (DG=�
8.7� 0.3 kcal molÿ1),[15e] buta-1,3-diene (DG=� 10.5� 0.5 kcal
molÿ1),[15c] and even 1-azabuta-1,3-dienes (DG=� 13.5 ±
14.7� 0.3 kcal molÿ1),[15e] and indicates a reduced back bond-
ing from the iron atom to the acetonitrile coligands. On the
other hand, the stretching frequency for the carbonyl band of
the carbon monoxide ligand of complex 3 a at 1926 cmÿ1 is
much lower than for the corresponding tricarbonyliron
complex 1 a,[7a] which is significant of an increased back
donation of electrons from iron d orbitals into the LUMO of
the carbonyl ligand. Due to its high sensitivity the triacetoni-
trile complex 4 a could be characterized only by FT-IR
spectroscopy.[12] The IR spectra show decreasing stretching
frequencies for the carbonyl bands of the cyclopentadienone
with increasing donor substitution at the metal (Table 1). A
similar shift is observed for the C�N bands of the complexes
3 a and 4 a.

We next investigated the demetalation behavior of the
complexes 1 a ± 4 a. The orange yellow complex 2 a is stable at
room temperature and the crystals can be handled even in the
air. A solution of 2 a undergoes a selective demetalation in the
air to provide the free ligand 5 a (see Table 1). However,
even after 24 h there is still 60 % of complex 2 a unchanged.
The diacetonitrile complex 3 a can be stored at room temper-
ature under inert gas atmosphere. Injection of air into the
solution of 3 a in acetonitrile at ÿ30 8C does not lead to

Table 1. Demetalation of the (cyclopentadienone)iron complexes 1 a ± 4a
by stirring of an acetonitrile solution in the air.

Com-
plex

nÄC�O [cmÿ1] Reaction conditions 1a,
Yield [%]

2a,
Yield [%]

5a,
Yield [%]

1a 1606 25 8C, 3 h 96 1 2
1a 1606 25 8C, 70 h 87 5 5
2a 1589 25 8C, 24 h ± 60 39
3a 1544 25 8C, 1 h ± ± 100
4a 1510 ÿ 30 8C, 1 ± 2 min[a] ± ± (quant.)

[a] Demetalation by injection of air into the solution of complex 4 a without
isolation.

Figure 2. Dynamic 1H NMR spectra
of complex 3a in the TMS region
(400 MHz, [D10]p-xylene).



COMMUNICATIONS

704 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999 1433-7851/99/3805-0704 $ 17.50+.50/0 Angew. Chem. Int. Ed. 1999, 38, No. 5

demetalation. However, on stirring the solution of complex
3 a in the air at room temperature the red color disappears
completely within 1 h and the cyclopentadienone 5 a can be
isolated quantitatively. The triacetonitrile complex 4 a is
extremely air sensitive. Solutions of complex 4 a in acetonitrile
are stable only under argon atmosphere at temperatures
below ÿ20 8C. Warming the cold solution of 4 a leads to
decomposition. However, the solid compound can be handled
at room temperature under an argon atmosphere for a short
period of time. On injection of air into a solution of 4 a in
acetonitrile at ÿ30 8C the purple color of the triacetonitrile
complex disappears instantaneously and the free ligand 5 a is
obtained in excellent yield. The differences of the complexes
3 a and 4 a with respect to their stability in the air can be
utilized for a chemoselective demetalation which was moni-
tored by FT-IR spectroscopy (Figure 3). Photolysis of 1 a in
acetonitrile at ÿ30 8C with injection of argon into the

solution, evaporation of the
solvent at ÿ20 8C, and washing
of the residue with hexane
provides the triacetonitrile
complex 4 a along with the
diacetonitrile complex 3 a as
minor product. Brief contact
of the solid complexes to the
air leads to instantaneous de-
metalation of 4 a to the free
ligand 5 a (IR band at
1678 cmÿ1), while 3 a is stable
under these conditions.

The feasibility to focus the
reaction on 3 a or 4 a, respec-
tively, offers two alternative
pathways for the demetalation
by photolytically induced li-
gand exchange. Method A:
photolysis of 1 a in acetonitrile
at ÿ30 8C with injection of

argon into the solution for 45 min and subsequent demetala-
tion of the intermediate triacetonitrile complex 4 a by
injection of air at ÿ30 8C. Method B: photolysis of 1 a in
acetonitrile at ÿ30 8C under argon atmosphere (but without
injection of argon into the solution!) for 60 min and
demetalation of the intermediate diacetonitrile complex 3 a
by injection of air with simultaneous warming to room
temperature. The cyclopentadienone 5 a was provided in
89 % yield by method A and in 88 % yield by method B. The
demetalation of a series of bicyclic tricarbonyl(h4-cyclopen-
tadienone)iron complexes 5 was carried out using method A
with individual optimization of the irradiation time if
necessary (Scheme 2, Table 2). The yields for the free ligands
5 a ± d, previously prepared by using TMANO,[7b] were con-
siderably improved (83 ± 91 %). The cyclopentadienone 5 e
could be obtained for the first time by the present method.[16]

Treatment of 5 e with TMANO led to the known thiophene
derivative by twofold double-bond isomerization and proto-
desilylation. This result provides direct evidence for the
sequence of steps involved in the demetalation of 1 e with
TMANO.[7b]

Scheme 2. Photolysis of the tricarbonyliron complexes 1 in acetonitrile
with subsequent demetalation of the intermediate triacetonitrileiron
complexes by injection of air.

Moreover, the novel demetalation procedure was also
applied to the tricarbonyl(h4-cyclohexa-1,3-diene)iron com-
plexes 6 ± 8 [17] and the (h4-buta-1,3-diene)tricarbonyliron
complex 9. The irradiation time for the cyclohexadiene and

butadiene complexes was increased to 90 min in order to
achieve a complete ligand exchange. Using method B via the
intermediate diacetonitrile complexes the free dienes 6 a ± 9 a
were obtained in high yields (80 ± 85 %). The reaction
sequence for the demetalation of tricarbonyliron complexes
of cyclohexa-1,3-dienes and buta-1,3-dienes is most likely the
same as described above for cyclopentadienone complexes.
However, the acetonitrileiron complexes of simple dienes are
much more labile than their cyclopentadienone analogues.
Photolysis of complex 6 in acetonitrile at ÿ30 8C led to the
exchange of two carbonyl ligands. The resulting diacetonitrile
complex was characterized by IR spectroscopy by the two
bands in the C�N region (2310 and 2282 cmÿ1) and demeta-
lated within a few minutes on contact with air. Method A via
an intermediate triacetonitrile complex provided a better
result for the demetalation of the cyclohexadiene complex 6
(yield of 6 a : 87 %). The demetalation of 7 to 7 a [18] by
photolytically induced ligand exchange using method B
provided the first example of a 4a,9a-dihydro-9H-carbazole
unsubstituted at the nitrogen atom which is not coordinated to
a metal atom.[19]

Figure 3. IR spectrum of the
triacetonitrileiron complex 4a
containing the diacetonitrile-
iron complex 3 a (solid line);
IR spectrum after contact with
air for 3 s (dotted line).

Table 2. Demetalation of the bicyclic tricarbonyl(h4-cyclopentadienone)iron
complexes 1 via the intermediate triacetonitrile complexes 4 (method A).

1 X Irradiation time [min] 5, Yield [%]

a (CH2)2 45 89
a (CH2)2 60 88[a]

b CH2 45 91
c C(COOMe)2 45 86
d O 60 83
e S 30 56

[a] Method B: Demetalation via the diacetonitrile complex 3 a.
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In conclusion, we developed a novel procedure for the
demetalation of tricarbonyl(h4-1,3-diene)iron complexes un-
der very mild reaction conditions. It could be demonstrated
that the present procedure provides access to free ligands not
available by previous methods.

Experimental Section

General procedure for the demetalation of the bicyclic tricarbonyl(h4-
cyclopentadienone)iron complexes 1 by photolytically induced ligand
exchange (method A): A solution of complex 1 (0.239 mmol) in acetonitrile
(120 mL) was photolyzed using a 150 W medium-pressure mercury lamp
(Heraeus TQ 150, Pyrex filter) at ÿ30 8C for 30 ± 60 min (see Table 2) with
concomitant injection of argon into the solution. Then air was injected into
the cold purple solution for 5 min. Filtration through a short path of Celite,
evaporation of the solvent, and flash chromatography of the residue on
silica gel provided the free ligand 5.
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