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Abstract: The fluxionality of tricarbonyliron transfer reagents was investigated and the free
enthalpy of activation for the rotation of the tricarbonyliron fragment of (n*-1-p-anisyl-4-

phenyl-1-aza-1,3-butadiene)tricarbonyliron 4b was determined to 13.8 + 0.5 kcal/mol.
Copyright © 1996 Elsevier Science Ltd

Tricarbonyl(n*-1,3-diene)iron complexes have found many useful applications in organic synthesis.2 In order to
achieve high yields in the complexation of labile diene systems tricarbonyliron transfer reagents have been
developed.? Such reagents, which can deliver the tricarbonyliron fragment under mild reaction conditions onto
diene systems, are the (n3-benzylideneacetone)tricarbonyliron? synthesized by Lewis and Brookhart and the
tricarbonylbis(n2-cis-cyclooctene)iron’ prepared by Grevels. Some time ago, we reported that (n4-1-aza-1,3-
butadiene)tricarbonyliron complexes are highly efficient reagents for the transfer of the tricarbonyliron
fragment.6.7 The 1-aza-1,3-butadienes 3 and their tricarbonyliron complexes 4 are readily available by
condensation of cinnamaldehyde 1 with the corresponding arylamine 2 followed by ultrasound-mediated
complexation with the tricarbonyliron fragment (Scheme 1).6.7.8
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The advantage of these novel reagents is, that the 1-aza-1,3-butadienes 3 can be used in catalytic amounts on
complexation of 1,3-dienes with either pentacarbonyliron or nonacarbonyldiiron (Scheme 2). This feature of the

1-aza-1,3-butadienes was utilized by us to develop the first asymmetric catalytic complexation of prochiral
1,3-dienes by the tricarbonyliron fragment 9,10
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Recently, we described for the first time the dynamic behaviour of the (n*-1-aza-1,3-butadiene)tricarbonyliron
complexes with respect to migration of the metal fragment from one face of the organic ligand to the other.}
In this paper, we report our investigation concerning the fluxionality of these complexes due to the rotation of
the tricarbonyliron fragment. This process is sufficiently slow on the NMR time scale at temperatures below
260 K to allow the observation of three signals for the CO ligands in the 13C NMR spectrum.

Table. Characteristic IR and 13C NMR data of the (n*-1-aza-1,3-butadiene)tricarbonyliron complexes 4.

R} R2 3, Yield [%] 4, Yield [%] vcg [em1]? 8co [ppm] (T[K]) b
a H H 81 81 2055, 1988, 1977 206.1, 209.6, 212.8 (261)
b H OCH; 81 88 2049, 1987, 1963 206.6, 209.8, 213.1 (237)
¢ OCH; H 86 80 2058, 2000, 1970 206.5, 210.1, 213.8 (261)

4 Wave numbers of the CO bands in the IR spectrum (KBr) at room temperature
b Chemical shifts of the carbonyl ligands in the 13C NMR spectrum at low temperature; solvent: [Dg]toluene

Almost all of the (n#-1-aza-1,3-butadiene)tricarbonyliron complexes which were prepared by us during the
development of these novel tricarbonyliron transfer reagents did show no signals for the CO ligands in their
13C NMR spectra in CDCl5 at room temperature. However, the IR spectra in KBr show the typical bands for
the CO ligands at 1960-2060 cm"! (Table). Generally, (n*-1,3-carbadiene)tricarbonyliron complexes exhibit
fluxionality by turnstile rotation of the tricarbonyliron fragment: the 13C NMR spectrum at room temperature
shows one singlet for the CO ligands at 210-212 ppm, while at low temperatures two peaks with an intensity
ratio of 2 : 1 (symmetrical ligands) or three peaks of equal height (unsymmetrical ligands) are observed.13 In
the low temperature 13C NMR spectra of 4a and 4c three sharp signals for the carbonyl ligands are already
observed at 261 K, while for a similar spectrum of complex 4b 237 K are required (Table). We concluded that
the dynamic equilibrium for the rotation of the tricarbonyliron fragment in 1-aza-1,3-butadiene complexes must
have a coalescence temperature slightly above room temperature and therefore, a significantly higher activation
energy. This assumption was confirmed by dynamic 13C NMR spectroscopy of 4b (Figure 1). The stepwise
increase of the temperature provides at 338 K a single signal for the three CO ligands at 209.9 ppm, which still
at 363 K shows some line broadening. The free enthalpy of activation AG¥ was determined by using the
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formula AG* = R - T [22.96 + In (T/8v)].12 With the coalescence temperature Te = 313 £ 10 K and by
taking the value v = 649 Hz from the low temperature spectrum the free enthalpy of activation for complex
4b in [DgJtoluene can be calculated: AG* = 13.8 + 0.5 kcal/mol.
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Figure 1. Dynamic 13C NMR spectra of complex 4b in the metal carbonyl region (100 MHz, [Dgltoluene).

From the low temperature 13C NMR spectra of the complexes 4a and dc it can be concluded that their
coalescence temperature is about 20 K higher and therefore, the free enthalpy of activation for those complexes
can be estimated: AG# = 14.8 kcal/mol. While previous work on tricarbonyl(n?-1-heterodiene)iron complexes
gave similar results, Takats ef al. found that the free enthalpy of activation for complex 6 in [Dg]DMSO/CS,
was much lower: AG*gg = 8.8 + 0.5 kcal/mol.13

Figure 2. Molecular structure of complex 4b in the crystal.
Selected bond lengths [A]: Fe-N1 2.075(3), Fe-C2 2.074(4), Fe-C3 2.068(4), Fe-C4 2. 167(4).
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The X-ray crystal structure investigation of complex 4b confirms the same preferred conformation of the

tricarbonyliron fragment as observed for (n*-1,3-carbadiene)tricarbonyliron complexes: one carbonyl ligand is

arranged over each coordinated n-bond, representing the two basal CO ligands (Figure 2).14.15
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