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The reaction of [PPN][HFe(CO),] with styrene in THF: an unexpected
and facile synthesis of [PPN],[Fe,(CO),]
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Abstract

The reaction of [PPN][HFe(CO),] (PPN = bis(triphenylphosphine)iminium) with styrene in refluxing tetrahydrofuran leads to the
formation of [PPN],[Fe,(CO)g) which can be easily isolated (85% yield). The reaction mechanism is discussed.

1. Introduction

As part of our interest in developing new synthetic
applications of tetracarbonylhydridoferrates M[HFe-
(CO),] [1] in both organic [2] and coordination [3]
chemistry, we have recently described [3a] a simple,
one-pot preparation of the dianionic mononuclear fer-
rate K,[Fe(CO),] according to eqn. (1).
2K[HFe(CO),] + 2PPh, —— | K,[Fe(CO),]

reflux

+ [Fe(CO)5(PPh;),] + CO+H, (1)

According to the stoichiometry of eqn. (1), the yield
is only 50% but this reaction appears as the best way,
at least on a laboratory scale, to prepare K,[Fe(CO),],
a non-pyrophoric analogue of the Collman reagent [4].

We have now found that [PPN][HFe(CO),] (PPN =
bis(triphenylphosphine)iminium) (1) is a good precur-
sor for the facile preparation of the dinuclear ferrate
[PPN],[Fe,(CO)] (2) in good yield.

2. Results

As recently stated [5], the known procedures for
preparation of [Fe,(CO)g]*~ rely either on the reaction
of [Fe(CO), >~ with pentacarbonyliron (eqn. (2)) [6], or
on the reaction of the dinuclear [Fe,(CO),] with hy-
droxides (eqns. (3), (4)) [7].
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[Fe(CO)4)>™ + [Fe(CO)s] —
[Fe,(CO))* +CO (2)
[Fe,(CO)¢] +3[OH] ——
[Fe,(CO)s]>~+HCO;~ (3)
[Fe,(CO),] + 4[OH] ——
[Fe,(CO)g|> ™+ CO>+2H,0 (4)

Although reaction (2) can be conducted in one pot
by in situ generation of [Fe(CO),]°~ from [Fe(CO)s],
these preparations involve the manipulation of sodium
(or sodium dispersion) to generate the reducing agents,
namely benzophenone-sodium [5] or naphthalene-
sodium [8,9]. On the other hand, reactions (3) and (4)
suffer from the need for [Fe,(CO),], a rather expensive
iron carbonyl.

We have now discovered that the reaction of 1
(easily prepared from the inexpensive [Fe(CO)s] [3bD)
with styrene in refluxing THF under argon leads to the
precipitation of 2 (eqn. (5)).

[PPN][HFe(CO),] + CqH,—CH=CH, ——»

reflux
1 2 equiv
L [PPN],[Fe,(CO)] + ... (5)
2

The air-sensitive brick-red complex 2 was isolated in
85% vyield. It was identified by comparison of its spec-
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troscopic properties (IR in various solvents, >°C NMR,
see experimental section) with those of an authentic
sample prepared according to eqn. (4) [10]. Its purity
was checked by elemental analysis and the absence of
any hydridocarbonylferrate complex was verified by 'H
NMR spectroscopy. This new reaction thus appears to
be a very easy and safe route for the preparation of
very pure [PPN],[Fe (CO),].

GC analysis of the THF solution indicated the pres-
ence of unreacted styrene and the formation of ethyl-
benzene in nearly 50% yield with respect to iron. No
traces of either 2- or 3-phenylpropionaldehydes (or the
corresponding alcohols) could be detected. Further-
more, GC analysis of the gas above the solution indi-
cated that neither carbon monoxide nor hydrogen had
been evolved.

3. Discussion

The reaction of M[HFe(CO),] (M = Na or K) with
styrene in protic media has been studied by several
workers [11]. Under carbon monoxide (1 atm or higher
pressure) these reactions lead to mixtures of 2- and
3-phenylpropionaldehydes (or the corresponding alco-
hols) together with reduction products (ethylbenzene,
1,3-diphenylbutane). We showed recently that, under
strongly basic conditions, [HFe(CO),]™ promotes a slow
but highly regioselective hydrocarboxylation of styrene
to 2-phenylpropionic acid under 1 atm carbon monox-
ide pressure (eqn. (6)) [12].

Fe(CO)], OH™, H,0/{PrOH H,;0%
Ph—CH=CH, - O/ 2,
55-58°C, CO (1 atm)
e
PH—CH—CO,H + Ph—CH,CH,CO,H (6)
>97% / <3%

To the best of our knowledge, the reaction of
M[HFe(CO),] with styrene in aprotic media is reported
here for the first time.

Based on our experimental observations (vide supra),
an overall reaction pathway can be proposed for the
reaction of 1 with styrene (Scheme 1).

The key step of Scheme 1 is the protonation of the
alkyltetracarbonylferrate 3 by 1 to generate an unstable
alkyltetracarbonylhydridoferrate, which rapidly gives
ethylbenzene and an unsaturated “Fe(CO),” species
by reductive elimination [13]. The latter, in turn, would
be quenched by the dianionic [Fe(CO),]*~ (possibly via
a[(styrene)Fe(CO),] to give the dinuclear [Fe (CO),J*~,
which precipitates.

The above interpretation appears inconsistent with
the results reported by Barborak and Cann [14]
Indeed, these workers demonstrated elegantly that

[PPN][HFe(CO),] + C;H;—CH=CH, ——>

1
[Fe(CO),JPPN]
3
3+1 —
HFe(CO),
C¢H;—CH—CH,;| + [PPN),[Fe(CO),]
HFe(CO),

C¢H,—CH—CH,| —
C¢H;CH,CH, + “Fe(CO),”
“Fe(CO),” + [PPN],[Fe(CO),] —
[PPN],[Fe,(CO)4
2

Scheme 1.

[Et ,N]HFe(CO),] (4) rapidly reacts with the tetracar-
bonylethylferrate (5) to yield propionaldehyde (eqn.
.

THF

[Et,N][HFe(CO),] + [CH;CH,Fe(CO),] e
4 5
CH,CH,CHO (7)

65-70%

The organometallic byproduct of this reaction was
not identified [14]. The formation of propionaldehyde
rather than ethane was interpreted as evidence that
[HFe(CO),]~ “is reacting with an unsaturated acyliron
anion 6, which is in equilibrium with 5, but not de-
tectable by IR analysis” (Scheme 2). This interpreta-
tion was convincingly supported by complementary ex-
periments [14].

However, two important differences must be kept in
mind when comparing Schemes 1 and 2. First, the alkyl
ligands of the ferrates 3 and 5 are quite different
(1-phenylethyl vs. ethyl). Secondly, in Scheme 1, the
only gegencation is a poor complexing agent [PPN]*,
whereas in Scheme 2, two different cations are in-
volved, [Et,N]* (which can be compared to [PPN]*),
but also Li*, introduced during the preparation of 5
[14].
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[CH,CH,Fe(CO),]” —=

5
[HFe(CO),)™
[CH 3CH2——("3—Fe(CO)3]‘ _—
0
6

2-

0]

[
CH,CH,—C—Fe(CO);| —— RCH,CHO
T

HFe(CO),
Scheme 2.

Thus the first difference concerns the nature of the
alkyl ligand. Acylferrates such as 6 are generated by
migration of the alkyl group onto a carbon monoxide
ligand. Therefore, their formation is strongly depen-
dent on the electron density at the carbon atom of the
migrating alkyl group. This kind of influence has been
noted by Collman et al. who reported that, for benzyl-
tetracarbonylferrate, migration to the acyl form is very
slow, even under carbon monoxide and in THF, which
is the preferred solvent [15]). The above considerations
explain, at least in part, why the reaction of the te-
tracarbonyl(1-phenylethylferrate (3) (Scheme 1) with
[HFe(CO),]- does not lead to the corresponding 2-
phenylpropionaldehyde. In contrast, formation of the
isomeric tetracarbonyl(2-phenylethyDferrate would
have led to 3-phenylpropionaldehyde through the bi-
molecular mechanism depicted by Barborak and Cann.
Thus, the absence of any trace of aldehyde in the
reaction of styrene with 1 (eqn. (5)) strongly suggests
that the addition of [HFe(CO),]™ to styrene is 100%
regioselective. This hypothesis is consistent with the
high regioselectivity found for the hydrocarboxylation
of styrene (eqn. (6)) promoted by [HFe(CO),]” in
protic media under CO (1 atm) [12].

The second difference, that of cations, must also be
taken into account. Indeed, Coliman [4] clearly demon-
strated that the rate of the insertion which converts
alkyltetracarbonylferrates into the corresponding acyl
complexes in THF is markedly dependent on the na-
ture of the gegencation, Li*> Na*> PPN™, Thus, the
protonation of 3 by 1 (Scheme 1) is the favoured
reaction pathway due to the presence of the non-com-
plexing cation [PPN]*. This is also in agreement with
the observed cation effect (Li*> Na*= Ca?*>K™) for
the [HFe(CO),]- promoted hydrocarboxylation of
styrene (eqn. (6)) [12].

In conclusion, the unexpected formation of [PPN],-
[Fe,(CO),] from the reaction of [PPN][HFe(CO),] with

styrene is due to the reluctance of the intermediate
tetracarbonyl(1-phenylethyDferrate to equilibrate with
an acyl form both because of the electron-withdrawing
properties of the phenyl group and because of the
non-complexing nature of the [PPN]™,

4. Experimental section

4.1. General

All experiments were carried out under a well-
ventilated hood. Manipulations of air-sensitive iron
complexes were performed under argon using standard
Schlenk tube and vacuum line techniques. Tetrahydro-
furan (SDS) was freshly distilled over benzophenone-
sodium. Styrene (Janssen) was distilled over calcium
hydride before use. [PPN]HFe(CO),] was prepared as
previously described [3b].

IR spectra were recorded on a Perkin-Elmer 1725
IRFT spectrometer using CaF, (0.05 mm) windows. 'H
and 3C NMR spectra were obtained using a Bruker
WM 250 spectrometer.

GC analyses were performed on a Hewlett-Packard
5890 chromatograph (FID) equipped with a 3 m Car-
bowax 20M (10%) column. Peak areas were deter-
mined with a Spectra Physics SP 4290 integrator using
hexadecane as an internal standard.

4.2. Synthesis of [PPN],[Fe,(CO),]

Styrene (5.2 mmol) was added, at room temperature
to a light yellow solution of [PPN][HFe(CO),] (2.5
mmol) in THF (20 ml) under argon. The reaction
mixture was then heated to 60°C and stirred for 24 h (a
red precipitate was formed within 1 h). After cooling to
room temperature, the red precipitate was filtered
under argon, washed with THF (4 X 10 ml), and dried
under vacuum to afford [PPN],[Fe(CO),] as a red
microcrystalline solid (1.5 g, 85% yield).

IR (nujol mull): » (CO): 1908br, 1844br, 1831br
cm ™% IR (CH,CL,); v (CO): 1975w, 1939sh, br, 1913m,
1858s, br cm~!; IR(CH;CN): »(CO): 1977vw, 1948vw,
1914m, 1862s, br cm™!; 3C NMR (62.896 MHz,
CD,(Cl,): 8 (CO) (ppm): 230.7 (CD,Cl, at 53.6).
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