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Abstract

The crystal structure of the title compound, [Fe(CsHs)-
(C4HsN)(CO),1, shows a discrete molecular structure
with a distorted tetrahedral geometry about the Fe atom.
The bond angles between the ligands in the tripod and
the Fe—Cpcenuroia Vector range from 121.9 to 123.7 (3)°,
and the angles between the tripod ligands range from
90.5 (4) to 96.0(4)°. The mean Fe—Ccuonyt and Fe—
Ccp distances are 1.776(4) and 2098(16)A respec-
tively [Fe—Cpcenroid 1.722 (4) A] and the Fe—Npyrole
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distance is 1.962(3) A. The Cp and pyrrole rings are
both planar (maximum deviations of 0.007 and 0.006 A,
respectively). The rotational orientation of the Cp ring
with respect to the tripod ligands is approximately
eclipsed with respect to the Fe—Npyroe bond [N(1)—
Fe(1)—Cpcenroia—C(8) —3.1°]). The dihedral angle be-
tween the pyrrole ring and the N(1)—Fe(1)—Cpcentroid
plane is 73.7°.

Comment
Dicarbonyl(n’-cyclopentadienyl)(pyrrolyl-N)iron(II), (I),
was first reported in 1967 (Pauson & Quazi, 1967).
The compound displays interesting chemical behavior,
including the ability to undergo a reversible ‘ring-slip’
process to yield azoferrocene (Zakrzewski & Giannotti,
1990). Recently, we have shown that (I) reacts with
chemical oxidants to form novel electronically con-
ducting polymers (Martin, Dotson, Litterer, Hanks &
Veas, 1996). The reactivity of (I) was explained and
the structure of the resulting polymer was predicted
based on force-field and semi-empirical quantum me-
chanical calculations. In this report, we present single-
crystal diffraction data which is entirely consistent with
our predicted minimum-energy gas-phase structure.

&

@

Compound (I) has the familiar ‘three-legged piano-
stool’ structure (see Fig. 1). The bonding distances
and angles for CO and 7°-CsHs (Cp) coordination
are similar to those observed in other related com-
plexes. Average values based on a large number of car-
bon monoxide—iron complexes and cyclopentadienyl-
iron complexes are: Fe—Ceabonyt = 1.78(3), C—0O =
1.14(2), Fe—Ccp = 2.08 (3), Fe—Cpcenwoia = 1.71(4),
and C—C in Cp = 1.40 (3) A (Orpen et al., 1989). Cor-
responding values for compound (I) are: Fe—Ccarbony1 =
1.776 (4), C—O = 1.138 (4), Fe—Cc, = 2.10 (2), Fe—
Cpccmroid = 1.72(2), and C—C in Cp = 1.41 (1) A. The
Fe—Npymole distance is also within the range of val-
ues reported for this type_of compound where X is a
nitrogen ligand [1.961 (4) A for X = 1,2,3-triazole (An-
tipin et al., 1983), 1.970 (7)A for X = benzimidazole
(Nesmeyanov et al., 1977) and 1.956 (3)A for X =
phthalimidato (Bukowska-Strzyzewska, Tosik, Woka &
Zakrzewski, 1994)].

The gas-phase minimum-energy structure for (I) has
been calculated using both ZINDO and molecular me-
chanics methods (Martin et al., 1996), and there is
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Fig. 1. The molecular structure of (I) showing 50% probability
displacement ellipsoids.

good agreement between the results of these two meth-
ods. The only major conformational differences between
the calculated structure and the observed structure (see
Fig. 2) is in the rotational orientation of the Cp ring
and in the conformation of the pyrrole ring. In (I), the
rotational orientation of the Cp ring with respect to the
tripod ligands is approximately eclipsed with respect to
the I:e_prvn'ole bond [N(1)—Fe(1)—Cpcentroia—C(8) is
—3.1°]. The dihedral angle between the pyrrole ring and
the N(1)—Fe(1)—Cpceniroid plane is 73.7°. In the calcu-
lated structure, the Cp ring is arbitrarily shown in a
nearly staggered rotational conformation with respect to
the I:e_prrrole bond [N(1)—Fe(1)—Cpcentroia—C(8) is
—29.4°], but there is no one energetically preferred ro-
tational orientation of this group. The pyrrole ring plane
of the calculated structure is nearly orthogonal to the
N(1)—Fe(1)—Cpcenuoid plane (dihedral angle of 87.2°).
The only significant differences in the distances and an-
gles between the observed and calculated structures for
(I) involves the Fe—Ccupony coordination. The Fe—
CO distances are somewhat elongated in the calculated

Fig. 2. Comparison of the observed structure of (I) (solid line bonds)
with the ZINDO calculated structure (dashed line bonds).

[Fe(CsHs)(C4HaN)(CO).)

structure (Fe—C = 1.903 ;\) and the angle between the
two CO groups is considerably smaller (85.8°). Both of
these discrepancies indicate that the Fe—CO backbond-
ing is not adequately accounted for in the calculated
model.

Molecules of (I) are discrete moieties, with no close
contacts resulting from crystal packing.

Experimental

The title compound was prepared by a modification of a
previously developed procedure (Zakrzewski & Giannotti,
1990). In an airless flask, CpFe(CO):I (2.45 g, 8.06 mmol) and
pyrrole (16.0 ml, 231 mmol) were added to diisopropylamine
(40.0 ml, 285 mmol) and 180 ml of toluene (all of the liquid
reagents, pyrrole, diisopropylamine and toluene, were freshly
distilled). The resulting brown-black solution was then placed
in an ice bath, stirred and irradiated with a 500 W tungsten
lamp for 5.5 h. The reaction mixture was then removed from
the ice bath and flash chromatographed through silica under
nitrogen. All but 10 ml of the toluene was then removed in
vacuo. Methanol (25 ml) was added and all of the solvent was
removed in vacuo as an azeotrope. The resulting red-brown
powder was dissolved in diethyl ether. Crystals were grown
by slow evaporation to yield (I) in 62% yield. Spectral data
were consistent with reported values (Zakrzewski & Giannotti,
1990; Martin et al., 1996).

Crystal data

[Fe(CsHs X CsHiN)Y(CO):]
M, = 243.04

Monoclinic

P21/n

a=8309(5) A

b =11.420(4) A
c=10.766 (4) A

£ =95.48 (4)°
V=1017.0(7) A}
Z=4

D, = 1.587 Mg m~*
D,, not measured

Data collection

Rigaku AFC-7R diffractom-
eter

w-26 scans

Absorption correction:
empirical via 3 scans
(Sheldrick, 1991)
Tmin = 066, Tmax =0.77

2025 measured reflections

1786 independent reflections

Refinement

Refinement on F
R =0.032

wR = 0.0383
S=1.12

Mo Ka radiation

A=0.71073 A

Cell parameters from 24
reflections

0 = 4.68-8.58°
g =146 mm™'
T=148K
Parallelepiped

0.28 x 0.26 x 0.18 mm
Purple

1300 reflections with
F > 40(F)

Rin = 0.017

omux = 250

h=0—->9

k=0—13

3 standard reflections
every 100 reflections
intensity decay: —3.2%

w = 1/[c*(F) + 0.0005F]
(A/U)max = 000}

Apmax =051 e A7?
Apmin = —0.38 e A~}
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Extinction correction: none
Scattering factors from
Cromer & Waber (1974)

1300 reflections

172 parameters

H-atom positional parame-
ters and U’s refined

Table 1. Selected geometric parameters (/i, °)

Fe(1)—N(1) 1.962 (3) N(1)—C(3) 1.367 (5)
Fe(1)—C(1) 1.777 (4) N(1)—C(6) 1.361 (5)
Fe(1)—C(2) 1.774 (4) C(3)—C(4) 1.375(5)
Fe(1)—C(7) 2.113(4) C(4)—C(5) 1.396 (6)
Fe(1)—C(8) 2.116 (4) C(5)—C(6) 1.379 (6)
Fe(1)—C(9) 2.090 (4) C(7)—C(8) 1.398(5)
Fe(1)—C(10) 2.079 (4) C(1—C(11) 1.426 (6)
Fe(1)—C(11) 2.093 (3) C(8)—C(9) 1.410(6)
ohH—C(1) 1.136 (4) C(9)—C(10) 1.413(5)
02—C2) 1.141 (5) C(10)—C(11) 1.400 (6)
N(1)—Fe(1)—C(1) 94.0 (1) C(3)—C(4)—C(5) 106.9 (4)
N(1)—Fe(1)»—C(2) 90.5 (1) C(4)—C(5)—C(6) 106.4 (3)
C(1)—Fe(1)—C(2) 96.0(2) N(1)—C(6)—C(5) 110.3 (3)
Fe(1)—N(1)—C(3) 127.5(2) C(8)—C(7)—C(11) 107.9 (3)
Fe(1)—N(1)—C(6) 126.0 (2) C(7)—C(8)—C(9) 108.8 (3)
C(3)—N(1)—C(6) 106.5 (3) C(8)—C(9)—C(10) 107.0(3)
Fe(1)—C(1)—O(1) 176.9 (3) C(9)—C(10—C(11) 109.0 (4)
Fe(1)—C(2)—0(2) 178.5 (3) C(7)—C(11)—C10) 107.2(3)
N(1—C(3)—C4) 109.9 (3)

The structure was solved by direct methods and refined by
full-matrix least-squares techniques. All non-H atoms were
refined with anisotropic displacement parameters and H atoms
were refined isotropically (C—H: 0.87 (2)-0.98 (2) A; U(H):
0.015 (8)-0.055 (13) A?].

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1988). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduction:
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SHELXTL-Plus (Sheldrick, 1991). Program(s) used to solve
structure: SHELXTL-Plus. Program(s) used to refine structure:
SHELXTL-Plus. Molecular graphics: SHELXTL-Plus.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: BK1322). Services for accessing these
data are described at the back of the journal.
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