
Formation of Metallacyclic Iron Carbene Complexes via
C-O Coupling between the Two Ligands of

Bis(carbamoyl) Intermediates

Denis Luart,† Nathalie le Gall,† Jean-Yves Salaün,*,† Loı̈c Toupet,‡ and
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Summary: The bis(carbamoyl)iron complexes Fe[C(O)-
NR2]2(CO)4, prepared either by reaction of carbamoyl
anions [Fe(C(O)NR2)(CO)4]- with 0.5 equiv of oxalyl
chloride or by alkoxy/amine exchange from Fe(CO2Me)2-
(CO)4, undergo, even at low temperature, a rapid carbon-
oxygen coupling of their two carbamoyl ligands to afford,
after decarbonylation, stable metallacyclic carbenes of

the general formula Fe[C(NR2)OC(O)NR2](CO)3. A mech-
anism of the reaction is proposed.

Acyl, alkoxycarbonyl, or carbamoyl transition-metal
complexes have been extensively studied because of
their essential role in the nucleophilic activation of
carbon monoxide.1 Alkoxycarbonyl compounds are thus
recognized as intermediates in important catalytic
processes such as carbonylation of alcohols, alkyl ha-
lides, and olefins to saturated esters.
Bis(alkoxycarbonyl) complexes have also been the

subject of intensive investigations,2 as they are consid-
ered as key intermediates of oxalate ester formation in
the process of oxidative carbonylation of alcohols; so far,
though, no well-characterized cis-bis(alkoxycarbonyl)
complex has been found to thermolyze into oxalate3 by
C-C coupling of its two ligands.
Surprisingly, to our knowledge, only three examples

of their bis(carbamoyl) homologues have been de-
scribed: the mercury complex Hg[C(O)NEt2]2,4 the
ruthenium diphosphine compound Ru[C(O)N(i-Pr)2]2-
(CO)2(bis(diphenylphosphino)ethane),5 and very recently
the dianion [W{C(O)N(i-Pr)2}2(CO)4]2-.6 It is notewor-
thy that these last two complexes are stabilized by high
electron densities of their metal center.
To study further evolutions of two carbamoyl ligands

in cis positions on a metal center, we have undertaken
the synthesis of iron complexes of the general formula

cis-Fe[C(O)NR2]2(CO)4. Two different routes were fol-
lowed to prepare these amino homologues of the well-
known series of cis-bis(alkoxycarbonyl) complexes Fe-
(CO2R)2(CO)43 (Scheme 1).
According to the first one (path a) 0.5 equiv of oxalyl

chloride was added at low temperature to the carbamoyl
anions [Fe{C(O)NR2}(CO)4]-, themselves obtained by
nucleophilic addition of LiNR2 on one carbonyl of Fe-
(CO)5. This process probably occurs, as already pro-
posed for the analogous preparation of Fe(CO2R)2-
(CO)4,2b,3 via the formation of the monobridged, unstable
complex (CO)4{C(O)NR2}Fe{C(O)C(O)}Fe{C(O)NR2}-
(CO)4, which after decarbonylation affords the mono-
carbonyl monobridged intermediate (CO)4{C(O)NR2}-
Fe{C(O)}Fe{C(O)NR2}(CO)4, which rearranges into
Fe{C(O)NR2}2(CO)4 and Fe(CO)5. Path b consists of an
alkoxy/amine exchange on complex 1.
Even at low temperatures (path a, -20 °C; path b,

-5 °C), these two pathways did not afford the bis-
(carbamoyl) complexes 2 but orange-red products char-
acterized as the metallacyclic carbenes 3.7 Yields
obtained for 3 depend on the reaction affording these
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(7) In a typical procedure the following conditions were used for the
synthesis of 3c. Path a: 6 mmol of Fe(CO)5 (1.176 g, 790 µL) in solution
in 30 mL of THF at -20 °C was treated with 4 mmol of LiN(n-Pr)2 in
solution in THF. The mixture was stirred for 30 min, and 2 mmol of
ClCOCOCl (175 µL) was then added to the solution, which immediately
turned brown. The solvent was then evaporated, and the brown residue
was extracted with two portions of 20 mL of dichloromethane-hexane
(1/1). After filtration and concentration of the solution, the product
precipitated as an orange-red powder. 3c was recrystallized from
hexane-dichloromethane (4/1); yield 25% (206 mg). Path b: 24 mmol
of di-n-propylamine (2.4 g, 3.25 mL) was added to a solution of 2 mmol
(572 mg) of Fe(CO2Me)2(CO)4 (1a) in 10 mL of THF or CH2Cl2 at -5
°C. The pale yellow solution turned red as evolution of CO was
observed. After 3 h the solvent was removed. The red residue was
washed with two 10 mL portions of hexane. The red powder so obtained
was recrystallized as detailed above to give 370 mg (yield 45%) of 3c.
Selected data for the new complexes 3 are as follows. 3a (R ) Me): IR
(CH2Cl2) 1995 (m), 1890 (m), 1860 (s) (ν(CO)), 1692 cm-1 (w) (ν(NCO));
1H NMR (CD2Cl2, 0 °C) 3.63 (s, CH3), 3.27 (s, CH3), 3.25 (s, CH3), 3.15
ppm (s, CH3); 13C{1H} NMR 243.5 (FedC), 222.3 (CO), 157.3 (NCO),
45.1, 38.6, 37.9, 36.8 ppm (CH3). 3b (R ) Et): IR (CH2Cl2) 1992 (m),
1892 (m), 1860 (s) (ν(CO)), 1682 cm-1 (w) (ν(NCO)); 1H NMR (CD2Cl2,
0 °C) 3.91 (q, JH-H ) 7.2 Hz, CH2), 3.54 (q, JH-H ) 7.3 Hz, CH2), 3.35
(m, JH-H ) 7.3 and 7.1 Hz, 2CH2), 1.35 (t, JH-H ) 7.3 Hz, CH3), 1.24
(t, JH-H ) 7.2 Hz, CH3), 1.14 ppm (m, 2CH3); 13C{1H} NMR 243.5
(FedC), 222.7 (CO), 157.1 (NCO), 50.8, 43.8, 43.6, 42.7 (CH2), 13.8 (2),
13.0, 12.6 ppm (CH3). 3c (R ) n-Pr): IR (CH2Cl2) 2005 (m), 1902 (m),
1875 (s) (ν(CO)), 1694 cm-1 (w) (ν(NCO)); 1H NMR (CD2Cl2, 0 °C) 3.62
(m, 2CH2), 3.58 (m, CH2), 3.32 (m, CH2), 1.45 (m, 4CH2), 1.22 (t, JH-H
) 7.4 Hz, CH3), 1.15 ppm (m, 3CH3); 13C{1H} NMR 244.0 (FedC), 222.4
(CO), 157.2 (NCO), 58.4 (CH2), 52.0 (CH2), 49.3 (CH2), 49.2 (CH2), 22.7
(CH2), 21.6 (CH2), 21.2 (2CH2), 11.5 (2CH3), 11.2 ppm (2CH3). Com-
plexes 3 are too unstable to afford correct and reproducible analyses.
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compounds (path a, 25%) and also on the nature of R
(path b: R ) Me, 66%; R ) Et, 63%; R ) n-Pr, 45%).
These carbenes are stabilized by two heteroatoms on
their carbenic carbon and by the presence of a metal-
lacycle.
To our knowledge only one iron complex of this type

has been described.8 This compound, Fe[C{N(i-Pr)2}-

OC(O)Et](CO)3, was obtained in 6% yield as a side
product of the preparation of Fe[C(OEt)N(i-Pr)2](CO)4,
by the usual Fischer carbene synthesis method.

13C NMR spectra of complexes 3 exhibit resonances
at ∼244 ppm for their carbenic carbon and at∼157 ppm
for their carbamate carbonyl. In contrast to the obser-

vations made on Fe[C{N(i-Pr)2}OC(O)Et](CO)3,8 the
presence of a single resonance at 222 ppm for the three
carbonyl ligands of complexes 3 is indicative of fast
exchanges occurring, even at low temperature, between
these ligands. As already observed for amino carbenes9

or for organic amides,10 the substituents of the nitrogen
atoms all appear different in 1H or 13C NMR. This is
the result of restricted rotations about the C-N bonds
induced by delocalizations of the nitrogen electronic
doublets along the carbene or carbamate double bonds.
In IR spectroscopy, the presence of three bands in the
υ(CO) area is indicative of a local Cs symmetry of the
Fe(CO)3 fragment resulting from a coordination of the
carbene chelate in axial and equatorial positions on a
trigonal bipyramid.
This geometry is confirmed by the X-ray molecular

structure determination of 3b11 (Figure 1), which shows
that the carbene carbon is in an axial position and

(8) Fischer, E. O.; Schneider, J.; Ackermann, K. Z. Naturforsch.
1984, 39B, 468.

(9) Schubert, U. Coord. Chem. Rev. 1984, 55, 261.
(10) Kessler, H. Angew. Chem., Int. Ed. Engl. 1970, 9, 219.
(11) Crystal structure data for 3b: C13H20FeN2O5, Mr ) 340.16,

triclinic, space group P1h, a ) 9.774(7) Å, b ) 10.477(7) Å, c ) 16.929-
(5) Å, R ) 81.33(3)°, â ) 84.54(3)°, γ ) 68.61(4)°, V ) 1584(2) Å3,
D(calcd) ) 1.426 g cm-3, Z ) 2, µ(Mo KR) ) 9.694 cm-1, F(000) ) 712,
T ) 120 K. A parallelepiped of dimensions 0.15 × 0.22 × 0.25 mm
was selected and studied on an Enraf-Nonius CAD4 diffractometer with
graphite-monochromatized Mo KR radiation. The structure was solved
by the Patterson method. A total of 5917 reflections were collected, of
which 2961 (I > 3σ(I)) were used to give R ) 0.039 and Rw ) 0.035.

Scheme 1

Scheme 2
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confirms the presence on the complex of a metallacycle
formed by a bond between the metal and the oxygen of
the carbamate carbonyl.
Owing to the five-membered ring thus formed, the

angle C4-Fe-O4 is reduced to 79.3(2)°, resulting in a
distorted-trigonal-bipyramidal geometry. The metalla-
cycle is essentially planar. The two NEt2 substituents
(N1, C6, C8 and N2, C10, C12 atoms) are also almost
coplanar with the cycle (N1-C6 forms a torsion angle
of -3.05 (0.67)° with the Fe-C4 bond and C10-N2 an
angle of -8.95(0.58)° with C5-O5), confirming that the
nitrogen doublets are in resonance with the carbene
(N1) and the carbonyl of the carbamate (N2). Such
planar geometries of carbenic metallacycles have al-
ready been observed for chromium complexes.9 The
Fe-C4 bond length is comparable with those of Fe-
carbene bonds in a variety of iron carbene complexes.
As expected, C4-N1 (1.314(6) Å) and C4-O5 (1.394(5)
Å) bonds are shortened with respect to C-N and C-O

single bonds.12 The distance between the metal and the
oxygen of the carbamate (Fe-O4) has a value (2.066(3)

Å) comparable with that observed for Fe[C{N(i-Pr)2}-

OC(O)Et](CO)3 (2.025(4) Å).8
The reactions affording 3 and the structure observed

for these complexes strongly suggest that their forma-
tion could occur via the unstable bis(carbamoyl) Fe-
[C(O)NR2]2(CO)4 (2) intermediates. Further evolution
of these intermediates giving rise to the metallacyclic
carbenes 3 may be rationalized in Scheme 2.
According to path a a carbamoyl oxygen of 2 could

attack the carbon of the carbonyl of the second carbam-
oyl. This coupling between two carbamoyl ligands by
formation of a C-O bond would induce the formation
of the amino(carbamato)carbenes Fe[C(NR2)OC(O)NR2]-
(CO)4 (4), which after the loss of a carbonyl would afford
3.
However, this pathway is ruled out by the easy

preparation and the full characterization of the inter-
mediates 4.13 These complexes are indeed readily
formed when species 3 are maintained under an atmo-
sphere of carbon monoxide, but the reverse reaction
(decarbonylation of 4 affording 3) does not occur even
under an inert atmosphere at room temperature.
Path b represents the most likely route for the

evolution of the bis(carbamoyl) compounds 2 into the
metallacarbenes 3. This process requires the formation
of the intermediate η1-carbamoyl, η2-carbamoyl com-
pound Fe[η1-C(O)NR2][η2-C(O)NR2](CO)3.16 The oxygen
of the η1-carbamoyl group of this intermediate would
attack the carbon of the carbonyl of the η2-carbamoyl,
affording 3 by a carbon-oxygen coupling between the
two carbamoyl ligands. Such a coupling between two
ligands via a C-O bond formation is rather unusual. It
has, however, been observed in the coupling of carbam-
oyl and difluorocarbene ligands19 and has very recently
been suggested in the conversion of a bis(carbamoyl)-
tungsten dianion into an aminomethylidyne complex.6
This carbon-oxygen coupling also occurs in the process
of formation of a platinum carbene by intramolecular
coupling of two R-ketoacyl and carbamoyl ligands20 and
in the cyclization of two alkoxycarbonyl and alkyloxalyl
ligands affording a ferraalkoxyketolactone complex.21
Further experiments to confirm the proposed mech-

anism of formation of 3 are currently in progress.

Supporting Information Available: Tables giving crys-
tal data, positional and thermal parameters, bond distances
and angles, and torsion angles for 3b (16 pages). Ordering
information is given on any current masthead page.
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Figure 1. Molecular structure of the carbene 3b. Impor-
tant distances (Å): Fe-C1, 1.756(4); Fe-C2, 1.801(5); Fe-
C3, 1.745(5); Fe-C4, 1.911(5); C4-N1, 1.314(6); C4-O5,
1.394(5); Fe-O4, 2.066(3). Selected angles (deg): O4-Fe-
C4, 79.3(2); Fe-C4-O5, 115.0(3); C4-O5-C5, 113.3(3);
O4-C5-O5, 120.0(3); Fe-O4-C5, 112.3(3); C1-Fe-C3,
121.5(5); C1-Fe-O4, 117.5(2); O4-Fe-C3, 120.5(2); C1-
Fe-C2, 89.4(2); C2-Fe-C3, 91.6(2); O4-Fe-C2, 95.8(2).
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