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HIGH-SPIN BEHAVIOUR AND CHEMICAL PROPERTIES OF
ORGANOMETALLIC DERIVATIVES OF 1RON(III)

C FLORIANI and T CALDLCRAZZO
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Relatively few examples of organometallic compounds of wron{iil) have been reported
n the literature Iron—carbon o-bonds have been prepared recently! by a Grignard re-
action on won{llI)-halo derivatives with an etioporphynn type of structure. The com-
pounds ssolated were the p-tolyl and the ctityl denvatives as dark blue and purpte sohids,
respectively, sensitive 10 fight Besides these compounds, no other reports concerning the
isolation of iron(1H) organometallic compounds have appeared, to the best of our know-
ledge The thermal instability of compounds of this ty pe was further suggested by the
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recently reported? fadure to 1solate tron (i) organometallic compounds, tn spite of therr
suggested formation in the course af the reaction between anhydrous FeCl; and hithnrm
alkyls Since the metal—etioporphyrin and the metal-N N'-ethylenebis(zsalicyltdeneiminata)
skeletons {see structures I and 1, respectively) are rather closely related erther stencally or
electronically, 1t was constdered of interest to see whether it was possible to obtain stable
organometallic denvatives of N AM'-ethylenebis(salicylideneimmnato) iron..

In thus paper a metal complex contamning the M, N ethylenebis(salicylideneiminato)
ligand wall be abbreviated as [MSaEn], such as [FeSaEn] or [CoSaEn].

In the past years we have reported the occurrence of reductions taking place in non-
aqueous solvents with several bis(salicylideneiminato)metal complexes®~2 . In particular,
chemtcal reductions by sodtum metal in tetrahydrofuran were carnied out and the comes-
ponding sodrum derivatives of formula Na[MSaEn} were 1solated m an analytically pure
state (M = Fe, Co). It 1s worth mentioning that we had also previously reported® the pre-
paration of the [CoSaEn}? “anion, which was prepared by treating CoSaEn with two
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Mz [ Temperature dependence of magnetic suseeptibiity for [FeSaEn}™

eguivalents of sodmm metal We had demenstrated the existence of the anion by the
reaction

[CoSaEn]*™ + Co8aEn - 2 [CeSaFEn]” (1)

Recently, Russian workers® have confirmed the exstence of the anion by electron trans-
fer reactions to cyclooctatetraene to give CgHg ?™ and [CoSaEn]™

The maost interesting properties of these contpounds are (g} the bulk magnetic suscep-
tiblitzes, and (#) the chemical reactivity, especially toward electropluiic reagents such as
alkyl halides As far as magnetic susceptibility measurements are concemed, the [FeSaEn]~™
and the [CoSaEn]” anrons can be regarded as d7 and &* systems of, respectively, high-spin
and lew-spin behaviour. We have . in fact, established that our previous results® on the
magnetic properties of Na[CoSaEn], suggesting the presence of a residual small paramag-
netism, were 1 error because of partial oxidation of the samples Under the best operative
conditions, the sodium denvative of cobalt 1s diamagnetic

The reduction of FeSaEn takes place in tetrahydrofuran as solvent by using the stoi-
cheiemeirne amount of sodium

THI
FeSaEn + Na — Na [FeS8aEn] (2}

The sodium derivative 1s then precipitated from the resulting green solution by partial
evaporation of the solvent and additien of heptarne The deep blue solid 15 extremely sen-
sitive to air and has to be handled with air strictly excluded The magnetic susceptibility
of this compound was measured by the Gouy method and found to follow the Curne—
Weiss law reasonably well fromt room temperature down to hquid nrtrogen temperature
(g ). The value of the magnetic moment at roont temperature 1s 3 71 BM quute close
to the theoretscal spin-onty value {3 87 BM) for three unpaired elecirons The Weiss con-
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Pig 2 Temperature dependence of magnetic suseeptibthiv {or TeSaEn—CH,CgHs

stant 1s —45°
It has previously been observed™®>? that [CoSaEn]™ reacts with organi. halides to
aive the corresponding cobalt(11) organometallic compounds

[CoS8aEn]™ + R—X — CoSakn—R + X~ (31

In view of the presently reported magnetic propertics of [CoSaEn]™, reaction {3) ean be
rationalised 1n terms of an oxdative addition to a plunar ¢ svstem sucly as those vsuall
encountered with cobali(I}, thodum(I} and nmdium(i)®? Reaction (3} can, m fact, be
interpreted as the intermediate formation of an antome cobalt(I11) oreanometallic deri-
vatrve,[CoSaEn(RYX]™ The [atter would then be unstable with respect to X elinunation
and formation of the neutral cobalt{{II) organometallic compound. Consistent with this
vicw 1s the fact under the 1nttial conditions of reaction (3},1 ¢ addrtion of the alkyl ha-
lide to the solutton of [CoSaEn]™ at ca —~80° C, no precipiiation of sodiunt chiorde was
observed, 1n spite of the fact that the change of colour from green to orange tahes place
practically within the time of mixing Sod:unt chloride elnmination usually 1akes place at
room temperature and 1s completed by addition of water in the case of the cobalt com-
plexes®

In vizw of past experience with cobalt complexes, a re «ction sumilar to (3} was also
carried out with [FeSaEn]™

[FeSaEn]™ + C HsCH2Ci = CF + FeSakn- CH, C,H; 3)
Reaction (4) was carried out under conditions simitlar to those previously reported for the
cobalt complex After addition of water, the benzyl derivative was 1solated as red needle-

itke crystals in about 90% yield Recrys.allisation of the wron(III) organometallic com-
pound was carnted out by dissolution in tetrahydrefuran and precipitation wath heptane
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The cempound is very sensiuve to atr oxtdation {see below) and 1s hght-sensitive, as ex-
pected for a compound contaimng metal carbon o-bonds

Besides the benzyl denvative, the phenyl denvative, FeSaEn—CyHs was also prepared
and characterised®, by reaction of the phenyl Grignard reagent with FeSaEn—1 in tetra-
hydrofuran as solvent

FeSaEn—1+ C¢H; MgBr —» FeSaEn-—-C.H; + MgBrl ()

The pienyl compound was isolated from the reaction rmuxture by a procedure sirrular to
that previcusly mentioned for the benzyl dertvative

Both the phenyl and the benzyl denvatives of rron (III) are thermally unstable and re-
active towards oxygen The results obtained from the investigation of the behaviour of
the organometallic denvaitves towards heat and oxygen represent an additional mece of
evidence for the presence of iron—carhon bonds 1n these compounds The reactions

2 FeSaEnR — 2 FeSaEn + R—R (6)
2 FeSaEn—R +% 0, = [FeSaEnh0+ R-R ()

have been established. Although the reaction of the henzyl derivative with oxygen was
somewhat more comphcated, with the phenyl dervative the dimeric g-oxo-bis
[ethylenebis(salicylidenetminatoyiron(I11)] '© was the only 1solable compound We have
never obtained substantial evidence for the formation of peroxo-alkyl compounds of
the type found'’'*'? 1n certam alkyl-cobaloximes. We believe that in reaction (7) the
determining factor 1s the lab:ilisation of the metal—carbon bond, prior to attack by oxy-
gen.

Both reactions (6) and {7) are tymeal of metal—carbon bonds and they therefore ex-
clude the possibility that the alky! group mught be attached to some other potnt of the
molecule Further evidence of rron--carbon bonds tn these compounds came from the
magnetic susceptibility data, the FeSaEn—R compounds are thermally much less stable
than, for example, the corresponding low-spin CoSaEn—R dernwvatives®%!%. However,

a satisfactory Curte—Weiss plot was obtamed (see Fig 2). the Weiss constant was found
to be about —9%and the magnetic moment at room temperature was 5 87 BM, very close
to the theoretical value (5 92 BM) for five unpaired electrons Details concerming the mag-
netic susceptibility measurements have been published elsewhere’?

The high-spin behaviour of FeSaEn—CH; CgH; 1s very unusual in organometatlic chem-
1stry Only the o-mesityl and the g-naphthyl denvatives of chrommum(II}*® recently pre-
pared by Stolze and Hahle behave sinularly. The won{11I} organometathics with the etio-
porphynn type of structure' mght also be high-spin systems but unfortunately no de-
tailed magnetic susceptibility data were reported to establish this point

In accordance with the occupancy of the highest molecular orbitals, as suggested by
magneti¢ susceptibisty data, the FeSaEn—R compounds are thermally much less stable
than for example, the corresponding low-spin CoSaEn—R derivatives®+*>** However,

# Untess otherwise stated, all the new campounds reported 1in this paper analysed correctis for the
formulations piven
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the iron(1IT) compounds were isolated by normal operating procedures at rtoom tempera-
ture and should be regarded as stable at least 1n the solid state, prownded air and hight are
excluded.

We have also attempted the preparation of the corresponding methyl and acetyl den-
vatives In both cases reactions between the [FeSaEn]™ anion and the proper organic ha-
lide were observed but no analyticaily pure product could be obtained

By analggy with the magnetic results obtained'® for the chloro derivatives FeSaEn—Cl
and [FeSaEn—Cl] ,, the magnetic susceptibility data of the present work might be mnter-
preted in terms of 2a mononuclear pentacoordimnate structure for the benzyl derivative,
FeSaEn—CH,C¢gHs This is indicated by the value of the magnetic moment at room
temperature and by the relatively small vatue of the Weiss constant, suggesting that no
unportant mteractions take place between different wron centres, as one would expect for
a dimenc, oxygen-bridged structure Of course, the results of an X-ray investigation would
be required to confirm this suggestion
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