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In our recent comwnication® concerning bisfulvalenediiron (1, "BFD") and its iron(II)-iron(III}
derivative 2 we suggested the (2,3] species* to be a true mixed valence system rather than a
delocalized fully conjugated campound. Based on an analysis of the near infrared transition in
12,3], Cowan and LeVanda® found the interaction parameter> a to be small ( a = 0.2 ), so that
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[2,3] would be a Class II mixed valence compound according to the classification by Robin and
Day“. We now wish to report the unusual electronic properties of the iron(III)-iron(III) system
[3,3], which reflect strong interactions between the iron atams and which let us consider the
electronic structure of BFD and its oxidized systems in a different light.

Oxidation of a slurry of {2,2] in benzene or acetonitrile by one equivalent of benzoquinone and
boron trifluoride etherate pzoducedl the dark green crystals of [2,3]. when {2,2] or [2,3] were
oxidized in acetonitrile by excess benzoquinone and BF3 etherate the yellow-brown {3,3] was

(*) The notation (2,2) for the iron(II)-iron(II) oxidation state of BFD is used for reasons
of simplicity. Similarly, [2,3] stands for the mixed valence monocation of BFD and (3,3]
denotes the doubly oxidized dication. This cowmmication concerns only the tetrafluoro-
borate salts of these systems.
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formed, which was precipitated either by slow cooling to -30° (shiny thin leaflets) or upon
aMition of dry ether (microcrystalline powder) in analytical purity (CzoHi¢B2FsFe; calculated:

C 44.35%, H 2.98%; found: C 44.38%, H 2.85%). Pure [3,3] appears to be stable in air at room
temperature but darkens above 250° without melting. In the absence of an oxidizing agent,
solutions of [3,3] in acetonitrile or water decampose rapidly, [2,3] being formed, which is
easily detected by its green color and its near infrared bands'’? at 1550 nm. Pure (3,3] shows
no absorption in this region. "As is indicated by the yellow-brown color of [3,3], its electronic
spectrum (A ues (e2755) , 428 (e2405), 320 (shoulder), 270 (c14700), 239 (€14715) rm in aceto-
nitrile) also does not show the tpr.cal ferrocenium absorption around 600 nm (A 617 (e420) nm
for ferroceniun tetraflucrcborate”), which was fomnd *2 in [2,3] (A__ 600 (€370) rm) and which
is present in biferrocene[Fe (III)-Ee(III)]-bls-tet:rafluomborate6 5 ( a solid nujol mull shows
Am 760 rm), the non-rigid analogue of our [3,3] campound.

This cbservation lead us to suspect that [3,3] might be diamagnetic. Magnetic susceptibility
measurements’ at 22° proved [2,2] to be diamagnetic and shuwed the expected spin 1/2 paramagnetism
(ueff=l.85 B.M.) for [2,3}, while for [3,3) only a small but detectable susceptibility was found.
Our suspicion that this residual paramagnetism might be due to impurities was supported by the
fact that different samples showed varying but always minor susceptibilities. It was therefore
not surprising that nmr spectra of all samples of [3,3] in CD3CN showed only broad nondescript
signals. In spite of the instability of aqueous solutions of [3,3], we were, however, able to
reco:d nmr spectra of [3,3] in D, O by virtue of the fact that [2,3] is essentially insoluble in
water”. ’meys‘rmt:doshaxppeaksatr364and592w1thaw1dﬂ1athalfhelghtof6ﬂzanda
1:1 proton ratio. Both peaks rapidly broaden (the high field part faster than the low field
portion) until after a few minutes only ill defined broad bands, shifted slightly to lower field,
can be found, similar to the signals of [3,3] in CD3CN;* Understandably, our efforts to detect
the expected resolution of the two peaks into triplets were not successful. We cosider these

cbservations as valid proof for the dimmagnetism of the [3,3] dication.

As reasons for the diamagnetism of [3,3] we have to consider either direct metal-metal bonding

or metal-ligand-metal interactions. A metal-metal bond has recently been impliedB to be responsible
for the diamagnetism of bispentalenedicdbalt, in which a Co-Co distance close to 2 A can be

assumed, while the paramagnetism of bis(as-indacene)diccbalt was cons-:idsered8 to result from a

Co-Co distance too large to allow bonding interactions. If this interpretation alone were
applicable to the BFD system, we should expect [3,3] to be paramagnetic, since, if we extrapolate

(*) The nmr spectra were recorded with sodium 2,2-dimethyl-2-silapentane sulfonate as intemal
standard. D20 containing the standard was added to [3,3], the solution was filtered into
an nmr tube, and the spectra were recorded within one minute after dissolving the sample.

(**) A. Davison and J. C. Smart (J. Organometal. Chem., in pms) have prepared the bis-hexafluoro~
phosphate salt of the dicabalt analogue of [3,3] (nmr in CD3CN: triplets (J=1Hz) at 12.52
and 4.52), which is iscelectronic with BFD (nmr in benzene-dg: triplets (J=2Hz) at T4.78
and 6.27).
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from the Fe-Fe distance’ of 3.984 & in [2,2] and of 3.887 A in bis(as-indacene)diiron'’, the Fe-Fe

distance in [3,3] should be considerably larger than the highest known Fe-Fe band lengt:h]'1 of
3.05 A. For these reasons, and because it is km'J:»m]‘2 that metal-metal bonds are preferred in low
oxidation states, we reject the idea that a direct Fe~Fe bond is responsible for the diamagnetism
in [3,3] and propose that it is due to spin pairing by interactions of the two iron atoms through
the coplanar ligands. It has been established, mainly through the work of Taubel> that two
metals can interact strongly through conjugated w-electron systems, although full delocalization
or resonance stabilization 14 have not been described so far in organametallic systems. The
cbservation by Cowan15 that 5 is paramagnetic indicated that alternatives to find potential
energy minima are available, so that the high spin configuration is energetically favored in 5
over the singlet resulting fram electron pairing through the potentially conjugated fulvalene
ligand*. The coplanarity of the fulvalene ligands in BFD naturally favors interactions over

the entire system. Thus we believe that [3,3] represents a delocalized cyclic conjugated

system of D2h symmetry.

These results still do not clarify the questions concerning the electronic structure of the
[2,3] system. Since there is little reason to assume that the dbserved interactions between
the iron atoms in the [3,3] case should be lost in the {2,3] compounds, our earlier sugg&stiml
not to regard [2,3] as a delocalized symmetric system might possibly require a revision.
Preliminary Missbaver and ESCA data indeed indicate the equivalence of the two iron atams in
the mixed valence system'®. If this can be confirmed, the near infrared bands in [2,3] might
have to be assigned to a mm like transition rather than a [2,3]+(3,2] electron transfer
absorption. Our hesitation to adopt this view is based on the knowledge that in delocalized
systems the spectral characteristics of the constituents are no longer discernible, but that
the electronic spectrum of {2,3] does show the 600 nm absorption of the ferrocenium salts with
nearly the same intensity as in ferrocenium tetrafluoroborates. This cbservation still has to

be reconciled with the evidence for delocalization and symmetry of the BFD system.

(*) In this case, however, the interaction between the two ferrocenium halves may be
diminished by twisting of the central bond caused by steric and electronic repulsions,
although a C2h arrangement would promise camplete conjugation so that the singlet state
oould, in principle, be energetically preferred.
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