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Heteroferrocene: The Synthesis of Bis[(3a,4,5,6,6a-1)-1,3,4,5,6-
pentamethylcyclopentald]imidazo-2-thionoyl]iron(II)
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The synthesis of bis[(3a,4,5,6,6a-1)-1,3,4,5,6-pentamethyl-
cyclopenta[d]imidazo-2-thionoylJiron(Il) is reported. Structural
determination of the unusual hetero-substituted metallocene
by X-ray crystallographic analysis is described. Preliminary
electrochemical studies reveal that oxidation and reduction
potentials for the subject ferrocene lie midway between those
of ferrocene and decamethylferrocene.

Relatively little is reported regarding the chemistry of
ferrocenes containing fused heterocyclic rings.! Ferrocenes con-
taining atoms with good donor abilities have attracted strong in-
terest, since these complexing moieties are able to act as ligands
toward transition metals. Ferrocenes with electron releasing sub-
stituents are reported to be relatively unstable.'> Aminoferro-
cene is stable only as its N-acetyl derivates! and 1,1’-diaminofer-
rocene is characterized solely on the basis of its reaction prod-
ucts.? There are only a few examples of heteroferrocenes, but
they too lack great thermal stability.? Tmidazole-2-thiones and
imidazol-2-ylidenes show coordination chemistry in which they
act as o-donors for many transition metals and main-group ele-
ments.* The o-ligation of imidazole moieties offer an interesting
compliment to the cyclopentadienyl 77-bonding observed in met-
allocenes. Our interest in imidazole-based carbenes led us to
consider the fusion of a metallocene with an imidazole. We here-
in report a synthetic strategy that produces these fused-metallo-
cenes in three steps. A ferrocenyl-fused imidazole-2-thione is
characterized and its crystal structure is reported.

The title compound is obtained from the readily available
1,3-dimethylimidazole-2-thione.> Deprotonation of thione 1
with 1 equiv. of n-butyl lithium followed by treatment with 3-
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Scheme 1. Synthesis of 4. Reagents and conditions: (i) 1. n-
BuLi, THF; 2. 3-Methyl-3-penten-2-one; (ii) TsOH, dichloro-
methane; (iii) 1. n-BuLi, THF; 2. FeCl,.

methyl-3-penten-2-one affords alcohol 2 in 80% yield. Naza-
rov-type cyclization® of 2 produces the cyclopentadienylimida-
zolethione 3. Deprotonation of 3 and addition of anhydrous
iron(Il) chloride yields the target ferrocene 4 (Scheme 1).

Ferrocene 4 is an orange solid melting over 380 °C with
solubility in range of polar organic solvents (e.g. methylene
chloride, chloroform, and tetrahydrofuran).” The solubility in
benzene and toluene is, however, only slight. Under a nitrogen
atmosphere 4 is stable for months, but slowly decomposes on
prolonged exposure to air. The 'H NMR spectrum of 4 in CDCl;
shows 3 singlets at § 3.65, 1.97, and 1.62. The imidazole '3C?
center resonates at § 176.72 ppm (about 14 ppm downfield of
the same position in 1,3-dimethylimidazole-2-thione).’

Crystals suitable for X-ray diffraction studies were grown by
diffusion of hexane into a saturated chloroform solution of 4.
Ferrocene 4 crystallizes in the monoclinic space group C2/c.®
The iron center resides on a 2-fold axis so that half of the mole-
cule comprises the asymmetric unit. The KANVAS® drawing in
Figure 1 depicts the solid-state structure of 4. Each fused ring is
distinctly planar with no ring atom deviating from the best plane
by more than 4.74pm and an average deviation of 2.43 pm.
The two bicyclic rings are parallel and adopt an antiperiplanar
orientation. Selected bond distances and angles are presented
in Table 1. The average r.c) (205.8 pm) is comparable to
the distances found in Cp,Fe [204(2) pm]IO and (MesCp),Fe
[205.0(2) pm].!!

A comparative cyclic voltammetry study (Figure 2) was
done for ferrocene, decamethylferrocene, and 4.'> The data are
recorded in Table 2. The oxidation and reduction potentials for
the subject ferrocene lie midway between those of ferrocene

Figure 1. KANVAS® depiction of bis(imidazolyl)ferrocene 4.
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Table 1. Selected bond lengths (pm) and Angles (deg) in 4

Distance 4 Angle 4
Fe-C 205.8 C2-N!®_6aGa 108.96(15), 108.92(15)
C2-s! 167.7(19) N!®_CoGa_c36n  106.89(15), 106.96(15)
C2-N'® 136.9(2)  COM_COBy_3a60  109.79(16), 110.14(15)
NI®_CoGo  140.2(2)  CHGI_COG_C3 105.04(16), 104.83(16)
Cla_Co 140.33) C*-C>—C® 110.18(16)
CH6I_C¥O  142.7(2)  N'-C2-N3 108.25(16)
CcHO_cs 145.0(3),
144.9(3)
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Figure 2. Comparative cyclic voltammetry studies on 4 and
reference compounds.

Table 2. Cyclic voltammmetry data on ferrocene systems

Compound Ep/V Ep/V Ey'/V
Cp,Fe 0.674 0.472 0.573
Ferrocene 4 0.336 0.232 0.284
Cp*,Fe 0.123 —0.053 0.035

and decamethylferrocene. These data suggest that the thiourea
moiety is approximately electro-neutral in its effect of the cyclo-
pentadienyl group so that the redox potentials roughly track the
number of methyl substituents on the Cp-ring.

This new imidazole-2-thione fused metallocene not only
provides entry into imidazole thione complexes bearing a metal-
locene moiety, but also offers an opportunity for elaboration of
the structure into a class of metallocene-fused imidazole-2-
ylidenes. In future reports we will elaborate on this novel class
of carbenes and their metal complexes.
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