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HIGH-SPIN BEHAVIOUR AND CHEMICAL PROPERTIES OF
ORGANOMETALLIC DERIVATIVES OF IRON(III)
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Istituro di Clunuca Generale ed {norganica, Unn ersity of Pisa 56 100 Pisa (Italy)

Relatively few examples of organometallic compounds of ron(1II) have been reported
mn the hiterature Iron—carbon g-bonds have been prepared recently’ by a Grignard re-
action on won(IIl)-halo derivatives with an etioporphynn type of structure. The com-
pounds isolated were the p-tolyl and the ethyl denvatives as dark blue and purple solids,
respectively, sensitive to light Besides these compounds, no other reports concerning the
isolation of iron(IIl) organometallic compounds have appeared, to the best of our know-
ledge The thermal instability of compounds of this type was further suggested by the

recently reported? farlure to isolate rron (1II) organometallic compounds, 1n spite of their
suggested formation 1n the course of the reaction between anhydrous FeCl; and hithium
alkyls Since the metal—etioporphyrin and the metal-N V'-ethylenebis(salicylidenetminato)
skeletons (see structures I and II, respectively) are rather closely related either stencally or
electronically, it was considered of interest to see whether it was possible to obtain stable
organometallic denvatives of N N'-ethylenebis(salicyhdeneiminato) iron.

In this paper a metal complex containing the NV, N'"-ethylenebis(salicylideneiminato)
ligand will 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®~5 _ In particular,
chemical reductions by sodium metal in tetrahydrofuran were carried out and the corres-
ponding sodium derivatives of formula Na[MSaEn] were 1solated in 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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Mg 1 Temperature dependence of magnetic suscepubility for [FeSaEn]™

equivalents of sodium metal We had demonstrated the existence of the anion by the
reactton

[CoSaEn]? + CoSaEn ~ 2 [CoSaEn]~ (1)

Recently, Russian workers® have confirmed the existence of the anion by electron trans-
fer reactions to cyclooctatetraene to give CgHg 2™ and [CoSaEn]~

The most mteresting properties of these compounds are (@) the bulk magnetic suscep-
tibilities, and () the chemcal reactivity, especally toward electrophilic reagents such as
alkyl halides As far as magnetic susceptibility measurements are concermed, the [FeSaEn]~
and the [CoSaEn]™ anions can be regarded as ¢ and d® systems of, respectively, high-spin
and low-spin behaviour. We have, 1n fact, estabhished that our previous results® on the
magnetic properties of Na[CoSaEn], suggesting the presence of a restdual small paramag-
netism, were 1n error because of partfial oxidation of the samples Under the best operative
conditions, the sodium dernvative of cobalt 1s diamagnetic

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

THI
FeSaEn + Na —— Na [FeSaEn] 2)

The sodium dertvative 1s then precipitated from the resulting green solution by partial
evaporation of the solvent and addition of heptane The deep blue solid 1s 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 foliow the Cune—
Weiss law reasonably well from room temperature down to hquid mitrogen temperature
(*1g 1). The value of the magnetic moment at room temperature 1s 3 71 BM quite close
to the theoretical spin-only value (3 87 BM) for three unpaired electrons The Weiss con-
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stant 1s ~45°
It has previously been observed®->-7 that [CoSaEn]™ reacts with organi. halides to
give the corresponding cobalt(1II) organometallic compounds

|CoSaEn]”"+ R—X — CoSakn—R + X~ 3)

In view of the presently reported magnetic properties of [CoSaEn]~, reaction (3) can be
rationalised 1n terms of an oxidative addition to a planar d% svstem such as those vsuall
encountered with cobalt(I), thodium(l) and indium(I)®° Reaction (3) can, n fact, be
mterpreted as the intermediate formation of an anionic cobalt(II1) organometalhc deri-
vative,[CoSaEn(R)X]™ The latter would then be unstable with respect to X~ eiimnation
and formation cf the neutral cobalt(1II) organometallic compound. Consistent with this
view 1s the fact under the initial conditions of reaction (3),1e addition of the alkyl ha-
lide to the solution of [CoSaEn]™ at ca —80° C, no preupitation of sodium chlor:de was
observed, 1n spite of the fact that the change of colour from green to orange takes place
practically within the time of mixing Sodium chloride elinination usually takes place at
room temperature and 1s completed by addition of water 1n the case of the cobalt com-
plexes®

In view of past expernience with cobalt complexes, a re «tion sumlar to (3) was also
carried out with [FeSaEn]~

[FeSaEn]™ + CoHs CH,Cl = CI + FeSaEn- CH, Co Hs 3)
Reaction (4) was carrnied out under conditions stmular to those previously reported for the
cobalt complex After addition of water, the benzyl derivative was 1solated as red needle-

like crystals 1in about 90% yield Recrys.allisation of the iron(II1) organometallic com-
pound was carnted out by dissolution 1n tetrahydrofuran and precipitation with heptane
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The compound 1s very sensiuive to air oxadation (see below) and 1s hight-sensitive, as ex-
pected for a compound contaimng metal carbon o-bonds

Besides the benzyl derivative, the phenyl denvative, FeSaEn—CyH;s was also prepared
and characterised®, by reaction of the phenyl Grignard reagent with FeSaEn—I 1n tetra-
hydrofuran as solvent

FeSaEn—I + C,HsMgBr — FeSaEn-—-C¢Hs + MgBrl (5)

The pnenyl compound was 1solated from the reaction mixture by a procedure similar to
that previously mentioned for the benzyl dervative

Both the phenyl and the benzy!l derivatives of iron (III) are thermally unstable and re-
active towards oxygen The results obtamed from the investigation of the behaviour of
the organometallic denivatives towards heat and oxygen represent an additional prece of
evidence for the presence of iron—carbon bonds in these compounds The reactions

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

have been established. Although the reaction of the benzyl derivative with oxygen was
somewhat more comphicated, with the phenyl derivative the dimeric y-oxo-bis
[ethylenebis(salicylideneiminato)iron(III)] !° was the only 1solable compound We have
never obtained substantial evidence for the formation of peroxo-alkyl compounds of
the type found'"*'? in certain alkyl-cobaloximes. We believe that 1n reaction (7) the
determining factor is the labilisation of the metal--carbon bond, prior to attack by oxy-
gen.

Both reacuons (6) and (7) are typical of metal—carbon bonds and they therefore ex-
clude the possibility that the alkyl group might be attached to some other point of the
molecule Further evidence of rron—carbon bonds 1n 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 dernivatives®>:!°. However,

a satisfactory Curie—Weiss plot was obtained (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 concermning the mag-
netic susceptibility measurements have been published elsewhere'?

The high-spin behaviour of FeSaEn—CH, C4H; 1s very unusual 1n organometatlic chem-
istry Only the 6-mesityl and the o-naphthyl derivatives of chrommum(IN** recently pre-
pared by Stolze and Hahle behave similarly. The wron(III) organometallics with the etio-
porphynn type of structure' mught 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
magnetic susceptibility data, the FeSaEn—R compounds are thermally much less stable
than for example, the corresponding low-spin CoSaEn—R derivatives®>*>'* However,

# Unless otherwise stated, all the new compounds reported 1n this paper analysed correctly tor the
formulations given
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the iron(IIT) compounds were isolated by normal operating procedures at room tempera-
ture and should be regarded as stable at least 1n the sohd state, provided air and light 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 analytically pure product could be obtained

By analogy with the magnetic results obtained'® for the chloro denvatives FeSaEn—Cl
and [FeSaEn—Cl] ,, the magnetic susceptibility data of the present work mught be inter-
preted n terms of a mononuclear pentacoordmate structure for the benzyl derivative,
FeSaEn—CH,CgHs This s indicated by the value of the magnetic moment at room
temperature and by the relatively small value of the Weiss constant, suggesting that no
mportant interactions take place between different tron 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

ACKNOWLEDGEMENT

The authors thank the Amerncan Cyananud Co for a gift of laboratory equipment to
the University of Pisa and the National Research Council (CNR, Rome) for financial
support

REI'CRFNCES

D A Clarke, D Dolphin, R Gngg, AW Johnson and H A Pinnock,J Chem Soc C (1968) 881
G Kobrich and H Buttner,J Organometal Chem 18 (1969) 117

I" Calderazzo and C Flonani, Chenm. Commun (1968) 417

F Calderazzo and C Flonam, Chem Conunun, (1967) 139

C TIlorizam, M Puppis and I Calderazzo,J Organometal Chem 12 (1968) 209

I Ya Levitkin, ZV Todrez, ML Vol'pin and D N Kursanov, Zh Obshch Khim ,41 (1971) 193
G Costa and G Mestroni, Terrahedron Lett , (1967) 1783

P B Chock and J Halpemn,J Amer Chem Soc , 88 (1966) 3511

A J Hart-Davisand W A G Graham, fnorg Chem , 9 (1970) 2658

J Lewss, I’ L Mabbs and A Richards, J Chem Soc A, (1967) 1014

C Giannotti, A Gaudemer and C Fontaine, Tetrahedron Lett (1970) 3209

K N V Duong, C Iontaine, C Gianotu1 and A Gaudemer, Tetralicdron I ett , (1967) 1187

C Flonam and I Calderazzo,J Chem Soc A, (1971) 3665

G Stolze and J Hahle,J Organometal Chem , 7 (1967) 301

G Costa, G Mestroni and G Pellizer, J Organometal Chem , 11 (1968) 333

M Gerloch, J Lewis, ' &L Mabbsand A Richards,J Chem Soc A (1968) 11?2

VO30 bW

b b et et e amt ek
AU HL WO

Coord. Chem. Rev , 8 (1972)



