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Demetalation of Tricarbonyl(cyclopenta-
dienone)iron Complexes Initiated by a Ligand
Exchange Reaction with NaOHÐX-Ray
Analysis of a Complex with Nearly Square-
Planar Coordinated Sodium**
Hans-Joachim Knölker,* Elke Baum,
Helmut Goesmann, and Rüdiger Klauss

The [2�2�1] cycloaddition of two alkynes and carbon
monoxide in the presence of pentacarbonyliron represents a
useful method for the construction of five-membered ring
systems.[1, 2] Applications of the resulting tricarbonyl(h4-cyclo-
pentadienone)iron complexes to organic synthesis are feasible
by demetalation to the free cyclopentadienones. This trans-
formation was achieved by oxidation with trimethylamine N-
oxide.[1, 3] Recently we reported a novel method for the
demetalation of tricarbonyl(diene)iron complexes by a photo-
lytically induced exchange of the carbonyl ligands by acetoni-
trile.[4] Herein we describe an alternative procedure for the
ligand exchange at tricarbonyl(h4-cyclopentadienone)iron
complexes and the subsequent demetalation in the air.

Tricarbonyl(h4-cyclopentadienone)iron complexes undergo
a transformation similar to the Hieber reaction.[5] Thus,
reaction of complex 1 a with aqueous NaOH in THF leads
to an equilibrium of the corresponding hydrido complexes 2 a
and 4 a in a ratio of about 13:1 (Scheme 1). Tricarbonyl(cy-
clohexa-1,3-diene)iron complexes are inert under these con-
ditions. Addition of H3PO4 affords 2 a in 94 % yield, while
reaction with NaH shifts the equilibrium towards the salt 4 a

Scheme 1. a) 1m NaOH/THF (1/2); b) C5H11I; c) H3PO4; d) air, daylight,
Et2O/THF, Na2S2O3, Celite, 3 h; e) NaH, Et2O/THF.

(82 % yield). Reaction of the hydrido complex 2 a with
1-iodopentane provides the iodo complex 3 a in 98 % yield. A
related transformation is reported for the hydrido complex
[CpFe(CO)2H].[6] The addition of 1-iodopentane after the
reaction of 1 a with NaOH affords an equilibrium of the iodo
complexes 3 a and 5 a that is shifted again by addition of
H3PO4 or NaH, respectively. Preparation of the iodo complex
3 a without isolation of the intermediate hydrido complex 2 a
increases the yield (98 % based on complex 1 a).

The 13C NMR and the IR data of the hydrido complex 2 a
and the iodo complex 3 a suggest an h5-coordinated hydroxy-
cyclopentadienyl ligand for both compounds.[7] A character-
istic structural feature of the hydrido complex 2 a is the
unsymmetrical arrangement of the coligands, which is appa-
rent from two CO signals in the 13C NMR spectrum. This
assignment was confirmed by an X-ray structure determina-
tion of complex 2 a (Figure 1),[8] which shows an h5-coordi-
nated hydroxycyclopentadienyl ligand and a C1ÿO1 bond
length of 1.366 �.[9] A loss of CS symmetry was also found for
the hydrido complex 4 a from the 13C NMR spectrum, which
exhibits the two signals for the carbonyl ligands and a peak at
d� 170.13 for C1.[7]

Figure 1. Molecular structure of 2 a in the crystal. Selected bond lengths
[�]: FeÿC1 2.1353(13), FeÿC2 2.1485(14), FeÿC3 2.0992(14), FeÿC8
2.0981(14), FeÿC9 2.1087(14), FeÿH2 1.38(2), FeÿC16 1.752(2), FeÿC17
1.741(2), C16ÿO2 1.143(2), C17ÿO3 1.153(2), C1ÿC2 1.437(2), C2ÿC3
1.452(2), C3ÿC8 1.430(2), C8ÿC9 1.445(2), C1ÿC9 1.445(2), C1ÿO1
1.366(2), O1ÿH1 0.75(2), C2ÿSi1 1.8876(14), C9ÿSi2 1.887(2).

The iodo complex 5 a was crystallized from pentane/THF
(6/1). The X-ray analysis of 5 a shows a dimeric structure for
the solid state (Figure 2 a).[8] The oxygen atoms O1 and O1*
are both coordinated to the sodium ions Na1 and Na1*. Each
sodium ion is further coordinated with an iodine and one THF
molecule. However, the sodium ions exhibit an extraordinary
nearly square-planar arrangement of the ligands instead of the
usual tetrahedral coordination. The bulky cyclopentadienone
ligand with the trimethylsilyl (TMS) substituents and the
Fe(CO)2I fragment forces the sodium ion into the unusual
square-planar coordination geometry which is only slightly
distorted. Each sodium ion and the three oxygen ligands are in
one plane and the iodo ligand is only slightly out of this
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Figure 2. Dimeric structure of 5 a in the crystal. a) View perpendicular to
the plane formed by the ligands coordinated at the sodium center;
hydrogen atoms have been omitted for clarity. Selected bond lengths [�]
and angles [8]: Fe1ÿC2 2.144(4), Fe1ÿC3 2.075(4), Fe1ÿC8 2.063(4),
Fe1ÿC9 2.136(4), Fe1ÿI1 2.6409(8), Fe1ÿC16 1.766(6), Fe1ÿC17 1.763(5),
C16ÿO2 1.151(6), C17ÿO3 1.148(6), C1ÿC2 1.468(6), C2ÿC3 1.453(6),
C3ÿC8 1.419(6), C8ÿC9 1.442(6), C1ÿC9 1.466(6), C1ÿO1 1.268(5),
Na1ÿO1 2.240(3), Na1ÿO1* 2.280(3), Na1ÿO4 2.298(4), Na1ÿI1 3.165(2);
O1-Na1-O1* 83.13(12), O1-Na1-O4 179.02(14), O1*-Na1-O4 97.65(13),
O1-Na1-I1 82.25(9), O1*-Na1-I1 162.86(10), O4-Na1-I1 96.88(10), Na1-
O1-Na1* 96.87(12). b) Side view; only the hydrogen atoms of the TMS
groups are shown. Selected atom distances [�] and angles [8]: Na1ÿH10B
2.625, Na1*ÿH12C 3.014, Na1ÿH14C 3.249, Na1*ÿH15B 3.805; C10-
H10B-Na1 118.32, C12-H12C-Na1* 148.62, C14-H14C-Na1 128.48, C15-
H15B-Na1* 142.83.

plane.[10] The corresponding bond angles O1-Na1-O4 and
O1*-Na1-I1 are 179.02(14) and 162.86(10)8, respectively.
Presumably, the shielding of the sodium ion by the TMS
groups from both sides above and below the almost square-
planar arranged ligands prevents the coordination of further
ligands to the axial positions of the sodium ions, which would
lead to octahedral coordination (Figure 2 b). The cyclopenta-
dienone ring consists of two planes, one is formed by the
coordinated butadiene, and the second, defined by C2, C1,
and C9, is bent away from the iron atom. The dihedral angle
between these two planes is 13.98, which is typical for
cyclopentadienone-iron complexes (12 ± 208).[1a, 2a, 11] The IR
spectrum of 5 a in KBr exhibits a carbonyl stretching
frequency for the cyclopentadienone of 1492 cmÿ1. The

13C NMR spectrum of 5 a in CD3OD shows a chemical shift
of d� 176.05 for C1, which indicates a monomeric structure in
solution.[7]

An X-ray crystal structure determination also confirmed
that complex 4 a has a dimeric structure in the solid state. In
this case a square-planar arrangement of the ligands at the
sodium ions is realized by coordination of a carbonyl ligand.
In solution complex 4a is monomeric, as shown by the absence
of the carbonyl bands in the IR spectrum at 1859, 1836, and
1819 cmÿ1, which were present in the IR spectrum in KBr.[7]

We next investigated the demetalation behavior of the
complexes 2 a and 3 a. The crystals of complex 2 a can be
handled in air for a short period of time and can be stored in
an inert gas atmosphere at ÿ30 8C. Stirring a solution of 2 a in
diethyl ether for 5 h in the air leads to demetalation and
provides the free ligand 6 a in 80 % yield based on 1 a
(Scheme 1). A related demetalation of a tricarbonyl(h4-cyclo-
pentadienone)iron complex with concomitant oxidation of
the ligand was achieved on treatment of an aqueous alkaline
solution with molecular oxygen.[11d] However, these condi-
tions are too harsh in the present case since bases cause an
isomerization and subsequent desilylation.[1b]

The iodo complex 3 a remains nearly unchanged after
stirring a solution of 3 a in the air for 42 h in the dark.
However, stirring a solution of 3 a in the air with exposure to
daylight leads to a highly selective demetalation within 3 h
and provides the free cyclopentadienone 6 a in 95 % yield
based on complex 1 a. In the optimized procedure some Celite
is added to remove iron particles and photochemically
generated iodine is reduced with sodium thiosulfate (see
experimental procedure). A photolytically induced exchange
of the carbon monoxide ligands was found for the related
complex [CpFe(CO)2I].[12] The removal of the carbon mon-
oxide ligand in the air is irreversible and leads to demetalation.

The application of the novel one-pot demetalation proce-
dure to a series of bicyclic tricarbonyl(h4-cyclopentadieno-
ne)iron complexes 1[1a,b] provided the corresponding free
ligands 6 a ± d in excellent yields (Scheme 2, Table 1). Thus,
the results for demetalation of the complexes 1 obtained by
our previous photolytically induced ligand exchange were
improved once again.[4] Only the demetalation of complex 1 e
to 6 e afforded a poor yield, which is a consequence of
concomitant ester cleavage.

Scheme 2. a) 1m NaOH/THF (1/2); b) C5H11I; c) H3PO4; d) air, daylight,
Et2O/THF, Na2S2O3, Celite, 3 h.

Table 1. Demetalation of the tricarbonyl(h4-cyclopentadienone)iron com-
plexes 1 via the intermediate iodo complexes 3.

1 X Yield (6) [%]

a (CH2)2 95
b CH2 93
c O 89
d S 87
e C(COOMe)2 12
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A Molybdenum ± Iron ± Sulfur Cluster
Containing Structural Elements Relevant to the
P-Cluster of Nitrogenase**
Frank Osterloh, Yiannis Sanakis, Richard J. Staples,
Eckard Münck,* and Richard H. Holm*

The commonly occurring iron ± sulfur cluster coresÐrhom-
boidal Fe2S2, cuboidal Fe3S4, and cubane-type Fe4S4Ðhave
been synthesized in research directed toward an understand-

In conclusion, we have developed a novel procedure for the
demetalation of tricarbonyl(h4-cyclopentadienone)iron com-
plexes, which proceeds by a ligand exchange initiated by
sodium hydroxide. The X-ray analysis of an intermediate
dimeric complex revealed an extraordinary nearly square-
planar coordinated sodium ion.

Experimental Section

General procedure for the demetalation of the bicyclic tricarbonyl(h4-cy-
clopentadienone)iron complexes 1 by NaOH-initiated ligand exchange: A
solution of complex 1 (0.478 mmol) in THF (8 mL) and aqueous 1m NaOH
(4 mL) was stirred for 2.5 h under an argon atmosphere. Then 1-iodo-
pentane was added (0.15 mL, 228 mg, 1.15 mmol) and the yellow solution
turned brown. After stirring the mixture for an additional 15 min under
argon, H3PO4 (0.15 mL) was added, the organic layer was separated, and
the aqueous layer was extracted with diethyl ether. The combined organic
layers were dried over Na2SO4 and filtered through a short path of silica
gel. After addition of Na2S2O3 (200 mg) and Celite (200 mg) the filtrate
was stirred slowly in the air for 3 h in the presence of daylight. Filtration
through a short path of Celite, evaporation of the solvent, and flash
chromatography (pentane/diethyl ether) of the residue on silica gel pro-
vided the free ligand 6.
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