
Formation of a Carbon Dioxide Complex of Rhenium via
Formal Oxidation of a Carbon Monoxide Ligand

Tein-Fu Wang,* Chong-Chen Hwu, Chia-Wen Tsai, and Kuan-Jiuh Lin

Institute of Chemistry, Academia Sinica, Taipei, Taiwan

Received April 4, 1997X

Summary: The reaction of aminorhenium carbonyl com-
plex 1 with MCPBA provides the aminorhenium η2-CO2
complex 2 in 97% yield. Bromination of 1 followed by
treatment of the resultant bromide with NaOH also
provides 2 in 90% yield.

Oxidation of a carbonyl ligand to CO2 usually results
in a decarbonylation reaction, due to insufficient binding
force between metal and CO2. One notable example is
the trimethylamine N-oxide promoted ligand substitu-
tion reactions of metal carbonyl.1 However, if the
binding force were strong enough to hold the metal and
CO2 together, the resultant CO2 complex could be
isolable, evidenced by the reported η2-CO2 complexes
(Rh,2 Nb,3 and Ta4 ) from an aerobic oxidation of the
corresponding metal carbonyl complexes. In our recent
study of the reactivity of electron-rich aminorhenium
complexes,5 we have found that the oxidation of an
aminorhenium complex with 3-chloroperoxybenzoic acid
(MCPBA) resulted in a stable η2-CO2 complex. This
outcome is quite unusual in organometallic chemistry.
Addition of MCPBA (1 equiv) to a yellow solution of

aminorhenium complex [η5:η1-C5H4CH2CH2N(CH3)2]-
Re(CO)2 (1)6 in CH2Cl2 (0 °C) resulted in an immediate
deepening of the color with the disappearance of car-
bonyl absorptions of 1 (1899 and 1828 cm-1) and the
concomitant appearance of new intense bands at 1873
and 1725 cm-1 which are associated with 2 (see Scheme
1). Solvent evaporation and recrystallization (CH2Cl2/
hexane) gave yellow crystals of the CO2 complex [η5:η1-
C5H4CH2CH2N(CH3)2]Re(CO)(η2-CO2) (2; 97%), whose
structure was suggested by spectroscopic data7 and
confirmed by X-ray crystallography.8 Figure 1 is the
molecular plot of 2 and clearly shows the η2-CO2 binding
mode of 2. The O-C-O angle of 131° is essentially
similar to those reported in the literature (124-134°).9

Crystals of 2 could be heated up to its melting point
(160-165 °C) without decomposition. In CDCl3 or
C3D6O, the 1H NMR of 2 remains unchanged after
standing overnight at room temperature under air.
Treatment of 2 with MCPBA at room temperature for
1 h recovers 2 completely. Compound 2 is less reactive
than 1 toward an oxidizing agent, in accordance with
respective oxidation potentials that were measured as

+0.248 V for 1 and +0.431 V for 2 relative to the Ag/
AgNO3 reference electrode.10 The phase-transfer reac-
tion of 1 with the magnesium salt of monoperoxy-
phthalic acid (H2O/CH2Cl2) also provides 2, in 92% yield.
Nonetheless, only traces of 2 together with unidentifi-
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able decomposition mixtures could be observed when 1
reacts with peroxides (t-BuOOH, H2O2, and O3). No
reaction could be observed between 1 and trimethyl-
amine N-oxide.
Interestingly, the CO2 complex 2 could also be ob-

tained via another pathway. Addition of Br2 to a CH2-
Cl2 soultion of 1 in the presence of pyridine provides
the yellow precipitate of 3 (85%, see Scheme 2).11 The
symmetrical spectroscopic data (1H and 13C) suggest
that 3 is the trans isomer.7 Treatment of 3 with NaOH
(H2O/CH2Cl2) provided the CO2 complex 2 (90%) and a
small amount of 1 (5%). The proposed reaction profile
is as follows. The Re center of 1 is first oxidized by Br2,
from Re(I) to Re(III), followed by nucleophilic hydroxide
addition to the carbonyl group.12 The carboxylic acid
intermediate 4 is deprotonated to give presumably the
carboxylate or η1-CO2 complex 5,13 whereupon the
displacement of Br- by the carboxylate oxygen provided
2. A formal reduction of the Re center from Re(III) to

Re(I) with concomitant formal oxidation of carboxylate
to carbon dioxide takes place intramolecularly. It could
not be ruled out, however, that the reaction proceeds
with a CO2 expulsion, followed by Br- elimination and
a recapture of CO2.
We have demonstrated that the oxidation of ami-

norhenium carbonyl complex 1 with peroxy acids pro-
vides the η2-CO2 complex 2. Whether the peroxy acid
attacks initially at the metal center or at the amino
group may require clarification. Nevertheless, the
result suggests that the binding force between the
aminorhenium fragment [η5:η1-C5H4CH2CH2N(CH3)2]-
Re(CO) and CO2 is very strong, thereby allowing an
isolation of the η2-CO2 complex 2, the first example of a
mononuclear Re-CO2 complex.14,15 It is equally inter-
esting that reaction of the bromide 3 with NaOH also
provides the η2-CO2 complex 2.
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