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A. A. Usanov, S. V. Maslennikov, and I. V. Spirina

Research Institute of Chemistry, Lobachevsky State University, Nizhni Novgorod, Russia

Received July 14, 2003

Abstract�The kinetic and activation parameters of zinc oxidation with dicarbonylcyclopentadienyliron
chloride in dimethylformamide were found. The apparent equilibrium constants, enthalpy, and entropy of the
adsorption of the reagents on the metal surface were determined. A reaction scheme was suggested.

The synthesis of an organometallic compound with
a Mg�Fe bond by the oxidation of magnesium with
dicarbonylcyclopentadienyliron chloride I was re-
ported in [1]. In this study we examined the kinetics
and products of the reaction of I with zinc. The plots
of the reaction rate vs. concentrations of I and di-
methylformamide (DMF), used as a polar solvent,
have maxima (Figs. 1, 2). This means that, according
to [2], the process can be described by Langmuir�
Hinshelwood’s scheme for the case when the reagents
are adsorbed on similar active sites of the metal
surface [schemes (1)�(3)].
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The reaction rate is expressed by Eq. (4).

v = ��������
(1 + KOx cOx)KL cL

ads ads

k�KOxcOxKL cL
ads ads

. (4)

Here k� = k(S0)
2, where k is the rate constant and S0,

number of active sites on unit surface area of the
metal; K ads

Ox and KL
ads are the equilibrium constants of

the adsorption of the oxidant and ligand, respectively.

The treatment of the experimental data obtained in
the coordinates (cOx/v)1/2 = f(cOx) at cL = const and
(cL/v)1/2 = f(cL) at cOx = const allowed us to calculate
the effective equilibrium constants of adsorption of
the oxidant and ligand and the rate constant. The
enthalpy, entropy, and activation energy of the process
(see table) were determined from the temperature
dependences of these quantities. The value of the ac-
tivation energy indicates that the reaction was ki-
netically controlled [3].
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Fig. 1. Rate v of zinc oxidation with dicarbonylcyclo-
pentadienyliron chloride in a DMF�toluene mixture as a
function of oxidant concentration cOx. Temperature, K:
(1) 278, (2) 288, and (3) 298 K (c 0

DMF 10 M).
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Fig. 2. Rate of the reaction of dicarbonylcyclopentadi-
enyliron chloride with zinc as a function of DMF con-
centration. Temperature, K: (1) 278, (2) 288, and (3) 298
(c 0

Ox 0.1 M, inert solvent toluene).
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������������������������������������������������������������������������������������

On completion of the reaction of I (c0 0.2 M in DMF)
with zinc taken in a fivefold excess, the initially red
reaction mixture became brown. The consumption of
Zn was 0.51 mol per mole of reacted I. After separa-
tion of unchanged zinc and removal of the solvent at a
reduced pressure, a light green oily liquid remained
in the vessel. We failed to isolate individual reaction
products from it. Therefore, we hydrolyzed the liquid
phase after the reaction completion by oxygen-free
water. According to [4], dicarbonylcyclopentadienyl-
iron hydride forming upon the hydrolysis of com-
pounds with an M�Fe bond (M is a Group II metal) is
unstable and converts to bis(dicarbonylcyclopentadi-
enyliron). The solvent was removed from the system,
and the residue was recrystallized from chloroform�

heptane. The resulting red-violet compound
[Cp(CO)2Fe]2 (II) was identified by the analysis for
iron (31.68%; calculated: 31.70%), decomposition
point (195�C), and IR spectrum [�CO (CHCl3), cm�1:
1775, 1955, 1995]. Published data [5]: decomposition
point 195�C; �CO, cm�1: 1773, 1955, 1995.

When zinc is oxidized in THF and DMF and cad-
mium, in DMF with Cp(CO)3MCl (M = Mo, W [6]),
oligomeric derivatives [Cp(CO)3MM�Cl]x (M� = Zn,
Cd) are formed as the major products.

Compound II can be formed both upon the hydrol-
ysis of the initial product of Cp(CO)2FeZnCl oxida-
tion [schemes (5) and (6)] and by its reaction with a
molecule of the starting oxidant [scheme (7)].

Cp(CO)2FeZnCl + H2O � Cp(CO)2FeH + Zn(OH)Cl, (5)

2Cp(CO)2FeH �� [Cp(CO)2Fe]2 + H2, (6)

Cp(CO)2FeZnCl + Cp(CO)2FeCl

�� [Cp(CO)2Fe]2 + ZnCl2. (7)

To elucidate the actual pathway of formation of II,
we analyzed the products of zinc oxidation in THF
(c0 0.2 M, 20�C). After the reaction completion, the
mixture was separated from excess metal, and the
solvent was distilled off. The residue was treated
several times with hot chloroform. On the addition of
heptane to the extract and cooling of the solution, we
isolated violet-red crystals. Their iron content, decom-

position point, and IR spectrum corresponded to those
of II. The yield of the product was 0.38 mol per mole
of I.

It follows from the foregoing that the initial step
of zinc oxidation with I is reaction (8).

Zn + Cp(CO)2FeCl �� Cp(CO)2FeZnCl. (8)

The molecule of the Grignard-like reagent formed
passes into the solution, where it reacts with a mole-
cule of the starting oxidant [Eq. (7)]. Chloride in the
reaction products was determined without noticeable
loss.

EXPERIMENTAL

Zinc (Technical Specifications TU 6-09-5294�86)
as turnings and a wire (0.5 mm in diameter) was used
without additional surface treatment. Dicarbonylcyclo-
pentadienyliron chloride was synthesized as described
in [6]. According to the analysis for chlorine and iron
[7], the resulting product contained no less than 99%
main substance; decomposition point 89�C. Organic
solvents were purified by standard procedures [8]. All
operations with organometallic compounds and their
solutions were carried out under reduced pressure or
in an argon atmosphere. The kinetic measurements
were carried out by a resistometric method modified
for the work with readily oxidizable and hydrolyzable
compounds [9]. The IR spectra were recorded on an
IKS-29 instrument.
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