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Tautomerism in some [n-dienyl)FeCo(CO);(L)] Complexes (dienyl = C;H;,
MeCH, or CsH;; L = tertiary phosphine, phosphite or arsine)
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Various new [(n-dienyl)FeCo(CO)s(L )] derivatives
are reported (dienyl = CsHs, MeCH, or CoH 4 L
tertiary phosphine, or arsine). Some are found as CO-
bridged (u) species in the solid state, others as non-
bridged (unb) isomers. In solution, many exist as equi-
librium mixtures of one nb and at least two, and per-
haps four, u tautomers. The nb isomers are favoured
by higher temperatures, bulky ligands, and along the
series dienyl = CoH, > MeCsH4 > CsHs. The solvent
has little effect on the u-nb equilibria.

Introduction

The equilibrium between the CO-bridged (i) and
non-bridged (nb) isomers in solutions of [Co,(CO)s]
[1-3] is profoundly modified when two CO ligands
are replaced by monodentate tertiary phosphines,
arsines or stibines (L) [4].

Here, we report studies of the consequences of
similar substitution on the tautomeric equilibria ob-
served [5] in solutions for solutions of the [(n-dienyl)-
FeCo(CO)s] derivatives (dienyl = CsHs, MeCsH,, or
C9H7).

Experimental

Chemicals were purchased from the usual sources.
Previously reported methods were used to prepare
the [Co,(CO)s(L),] [4], [(n-CsHs)Fe(CO),Cl] [6],
[(n-MeCsHa)Fe(CO),Cl  [7], [(n-CoH,)Fe(CO)I]
[8], and [(n-dienyl)FeCo(CO)s] complexes (dienyl =
CsHs, MeC;H, and CoH, [5]. All reactions were
carried out at room temperature, under an atmosphere
of nitrogen, and in purified solvents.

Most [(n-dienyl)FeCo(CO)s(L)] derivatives were
prepared by the addition of [(n-dienyl)Fe(CO),X]
(X = Cl or I) to a tetrahydrofuran solution (50 ml) of
Na[Co(CO);(L)] (mol ratio 1.2:1) prepared in situ
by the reduction of [(Co,(CO)¢(L).] (ca. 1.5 g) with
cleaned sodium wire. The products were isolated by
removal of the solvent at reduced pressure, separated
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by chromatography (benzene/petrol and alumina),
and purified by crystallization from pentane or
toluene/pentane mixtures. Yields were 2-35%.

The reaction of [(n-CsHs)FeCo(CO)s] (1 g) with
P(OPh); (cz. 1 ml) in tetrahydrofuran gave [(n-CsHs)-
FeCo(CO)s {P(OPh);}]. Other hgands gave only
[(n-dienyl)Fe(CO),(L)] [Co(C % 4] salts.T

Melting points and analyses' for the [(n-dienyl)-
FeCo(CO)s(L)] compounds are recorded in Table I.
Iron was estimated as described [9].

Lr. spectra were obtained as reported previously
[4]. They are summarised in Tables II and III.

Results

The [(n-dienyl)Fe(CO),(L)] [Co(CO)s] salts are
air-stable brown solids which oxidise rapidly in solu-
tion. The i.r. spectra are similar; that of [(n-CsHs)-
Fe(CO),(PPh3)] [Co(CO)s] shows two absorption
bands at 2014 and 2056 cm™ ! due to the C-O stretch-
ing »(CO) vibrations of the cation, and another at
1890 cm™ ! due to the anion.

The dark brown [(n-dienyl)FeCo(CO)s(L)] com-
plexes are slowly oxidised in air. They disproportionate
to [(n-dienyl),Fe,(CO)s] and [Co,(CO)s(L),]. Al-
though this is always rapid above 35 °C, it is most
marked for the (n-CoH,) derivatives, and is complete
within 24 hr for solid [(n-CoH,)FeCo(CO)s {P(Bu™);}]
at —20 °C.

The i.r. spectra of the [(n-dienyl)FeCo(CO)s(L)]
derivatives show that they exist as either C-O bridged
(1) or non-bridged (nb) isomers in the solid state
(Table 1I). However, their solutions in organic solvents
often contain more than one species. Unfortunately
identification and assignment of absorption bands
A—K was often difficult. Many have irregular profiles
with ill-defined shoulders, which are not included in
the Table II, and probably contain more than one
component, e.g. in solutions of [(n-CoH;)FeCo(CO)s-
(PPhMe,)] G is a resolved doublet (Table II). Further-

1 [(n-CsH5)Fe(CO)Y5(PPh3)] [Co(CO)a] was recrystallized
from CH,Cl; in 95% vyield. Anal. Found %C = 56.3, %H =
3.5;required %C = 57.0 and %H = 3.3.
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TABLE I. Melting Points and Analyses for Some [(n-dienyl)FeCo(CO)s(L)] Compounds.

Dienyl L M.p. CO)* Found % Required (%)
C H Fe C H Fe
CsHs PPh(‘Pr), 102 - 104 (d) 50.8 4.9 10.8 51.4 4.7 10.9
P(*Pr)3 86- 87 (d) 47.7 5.6 11.9 475 54 11.7
As("P); 76 - 77(d) 428 5.1 10.6 43.5 5.0 10.7
As('Pr)3 dec. 68 43.8 4.9 104 43.5 5.0 10.7
PPh("Bu), 62- 64 (d) 53.4 5.4 10.6 53.2 5.2 10.3
PPh,("Bu) 90- 92 (d) 55.1 4.3 10.3 55.3 43 10.0
PPh, 174 -176 (@) 579 3.5 10.0 57.7 34 9.6
MeCsHy PPh;("Bu) 70- 71(d) 55.8 4.8 9.8 56.2 4.5 9.8
PPh, dec. 235 57.9 3.4 9.5 584 3.7 9.4
CoH, PPh(Me), 178 - 180 51.5 3.6 11.2 51.9 3.7 11.0
PPh(®Bu), 60 (d) 56.7 5.0 10.0 56.7 5.1 9.5
PPh,("Bu) dec. 60 58.8 4.4 9.3 58.8 42 9.2
PPhj-2/3C,Hg” 238 (d) 63.2 3.8 63.5 3.9

#Measured in sealed tubes. (d) = melts with decomposition. dec. = decomposes without melting. PN.m.r. spectra indicate 2/3 mol

of toluene of solvation per mol of complex.

more changes in peak shapes for A~-D (Table III) imply
that more than four absorption bands are present but
irresolvable.

The intensities of the absorption bands due to the
nb species relative to those due to the u forms™ (as
measured by the intensity ratio K:J or K:A + B) in-
crease along the series dienyl = CoH; < MeCsHy <
CsHs, and L = "Pr;As <'Pr;As; PhMe,P < Ph"Bu,P;
"Pr3As < "Pr;3P; and Ph,"BuP < Ph"™Bu,P; "Bu;P <
Ph;P. They are favoured by higher temperatures, but
changes in the solvent have little effect. The relative
intensities of absorption bands A-D vary non-system-
atically with the above four variables.

Attempts to obtain p.m.r. spectra of the [(n-dienyl)-
FeCo(CO)s(L)] derivatives at various temperatures
failed. The compounds disproportionated too quickly.

Discussion

Tertiary phosphines displace the [Co(CO)4]™ ion
from [(n-dienyl)FeCo(CO)s], with Ph3As the reaction
is incomplete in tetrahydrofuran, and Ph;Sb fails to
react. The i.r. spectra of the [(n-dienyl)Fe(CO),(L)]*-
[Co(CO)4]™ are consistent with the presence of these
cations [10] and anions [11].

On the other hand, triphenylphosphite gives [(n-
CsH;s)FeCo(CO)s {P(OPh);}] in this reaction. It may
be formed via a labile intermediate salt (¢f. Co,(CO)s4
and Ph,P [12,13].

The most convenient route to the [(n-dienyl)FeCo-
(CO)s(L)] complexes was the reaction of [(n-dienyl)-
Fe(C0),X] with Na[(Co(CO);L] (X =ClorI). It is
limited as the expected sodio-derivative is not always
obtained by the reduction of [Co,(CO)¢(L).] [14],

#The division of absorption bands is summarised in Table II.

whilst sodium wire had to be used in place of its amal-
gam as the presence of [Hg{Co(CO)s(L)},] made
product purification difficult.

The [nb<n-dienyl)FeCo(CO)sL] species have sim-
ilar i.r. spectra (Table II), and probably have the struc-
ture shown in Fig. 1. All known [RCo(CO);(L)] com-
plexes have trigonal bipyramidal coordination about
Co with the phosphine ligand L and the group R mu-
tually trans and occupying the two axial coordination
positions (e.g. [trans-CHF,CF,Co(CO);(PPh3)] [15].
The pseudo-octahedral piano-stool ligand distribution
is the only one observed for [(n-dienyl)Fe(CO),X]
complexes (e.g. [(n-CsHs)Fe(CO),SnCl3][16]. Only
nb isomers are found in the solutions of some com-
plexes, but for other CO-bridged forms are present
and may predominate (Tables Il and I1I).

Structures have been postulated for the two [(n-
dienyl)Fe(CO,),Co(CO)s] tautomers [5]. One is
adopted by both [(n-CoH,)FeCo(CO)¢ [17] and [(n-
CsH;)FeCo(CO)s] [18] in the solid state, but they
differ slightly in ligand distribution about the Co
atom. From this may be derived two possible isomers
of [u-(n-dienyl)FeCo(CO)s(L)], (I} and (II) in Fig. 1
of which the overall geometry depicted in the first is
that adopted by [u(n-CsHs)FeCo(CO)s(PPh,Me)] in
the solid state [19]. The second postulate gives rise
to (III) and (IV). It is assumed that the ligand L re-
mains coordinated to the cobalt atom. Each isomer
should give rise ro two absorption bands due to its
(CO,,) vibrations. The presence of four well-defined
such peaks or shoulders, A-D, in their i.r. spectra
point to at least two p-isomers being present. In cer-
tain instances e.g. solutions of [(n-CoH;)FeCo(CO)s-
(L)] (L ="Ph,"BuP and PhMe,P) at low temperatures,
one p species predominates. The relative intensities of
its (CO,) absorption bands are consistent with the
geometry of the Fe(CO,),CO bridging system, and
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Figure 1. Proposed structures for the nb and four b isomers
of the [(#-dieny]))FeCo(CO)s(L)] complexes. CO ligands have
been omitted for the sake of clarity.

presumably of the whole molecule, not changing mar-
kedly on replacement of a CO ligand by a phosphine
or arsine (cf. the structures of [(n-CsHs)FeCo(CO)s-
)] (L=CO [18] or Ph,MeP [19] in the solid state.

Although various factors affect the equilibria be-
tween the p-isomers, they are not amenable to anal-
ysis. On the other hand variations in u-nb equilibria
may be rationalized in the same way as have those for
[Co,(CO)¢(L),] systems using similar assumptions
[4]. Of particular interest are the consequences of
changing L. Decreasing the electron-donating effects
of L either by going from R3P to R3As or by varia-
tions in R tend to destabilize the equilibria towards
the u-species. Increasing the bulk of L has the oppo-
site effect due to increased interligand interactions
across the Co—Fe bond in the u-isomers which are not
affected in the nb-forms. Sometimes these effects act
in opposition as in the series L = "BuzP, Ph"Bu,,
Ph,"BuP and Ph,P for dienyl = CsHs or CoH, where
the abrupt decline in the u/nb ratio for the PhyP com-
plexes is probably a consequence of the steric effects
of the ligand outweighing the electronic.

We are not able to account for the consequences
of varying the (n-dienyl) ligand.

Lower temperatures favour the u at the expense of
the nb isomers, a common feature of tautomeric sys-
tems of this type (Table IIT) (e.g. ref. 4 and refs.
therein).

The effects of changes in solvent are small (Table
IIT). They lie between those observed for the [Co,-
(CO)s(1).] [4] and [(n-CsH5):M3(CO)4] (M = Fe or
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Ru) [20] systems where more polar solvents favour
the nb and u isomers respectively [20].

The interconversion of the various isomers prob-
ably takes place by a mechanism similar to that pro-
posed by Cotton ef al. for other molecules (e.g. ref.
21). That is the opening of the Fe(CO,),Co system to
give (OC;)Fe—Co(CO,), and its subsequent reformation
though not necessarily with the same carbonyl groups.
Unfortunately the extreme instability of these [(n-
dienyl)FeCo(CO)s(L)] derivatives in solution has pre-
vented us from investigating these processes by variable
temperature n.m.r. spectroscopy.
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