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In our ??acent axanunicatiml~cerningbisfulvalenedii~ (1, "BFD") and its ixxm(II)-ircn(II1) 

derivati~~wesuggested&e[2,31 species*tobeatruemixedvdlenQsystemratherthmra 

delocalized fullycmjugated~und. Basedm an analysis oftbenearinfraredtransitim in 

[2,3j,Caran mdI&Uxla2 fomdthe interactimparam?ter3 atobesnall(a=0.2),sothat 

1 Fe" Fern / ) Fe” Fe"' 1 

1: 
T: 

-2, i=O [2,21 

3 
n=2, m3, i=l [2,31 
n=a~J, i=2 [3,31 

4: n=2, m3, i-1 
5: n-3, i=2 

[2,3]muldbeaClass IImixedvalenm aqxundacmrdingtotheclassificatimbyF+zbinatxl 

W4 . We nav wish to report the uusual electrmic prqerties of the irm(III)-irm(II1) system 

[3,31,~cfi~flect~ginteractionsbe~theirmatansandwhichlet1soonsiderthe 

e~cstructureofBFDanditscoddizedsystensinadifferentlight. 

Oxidation of a sluny of [2,21 in benzene or acetmitrile by me equivalent of w and 

berm triflwride etherate produced1 the dark green czystals of [2,3J. When [2,21 or f2,3] were 

oxidizedin aostcnitrilebyexcessbmzcquinme and BP3 etherate the yellu+brwm [3,31 was 

(*I ~s~~~r&[2,2! for the irm(II)-irm(I1) oxidatim state of BPDis used for reasms 
Slmrlarly, I2,31 stands for the mixed valenm n~~~~~tirn of BFD and [3,31 

cknotzs the do~lyoxidizeddication. 
borate salts of these systgns. 

TWsaxammic&imcmcer_nscnlythetetraflwr9 

1855 
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~~,~~wasprecipitatedeitherbyslcwcoolingto -30" (shiny thin leaflets) orupcn 

additimofdKyether (microcrys taU.ine pm&r) in analytical purity (CZ&~B~F&?~ calculated: 

c 44.358, Ii 2.98%; found: C 44.381, H 2.85%). pure [3,31 appears to be stable in air at xan 

tsqeratuna imt darkens abovs 25O"~without melting. Intheabsencxsofanoxidizingagen~ 

solutions of [3,31 in acetcnitrile or water decmpcse rapidly, [2,31 being fomsd, which is 

easily htectedby its green color and its near infraredbauds1'2 at 1550 nm. hrre [3,31 shmfs 

MZ?bSCU+~iIlthiSregi~. As is indicated by the yellui-brom color of [3,31, its electxmic 

spactmm (Xmx 465 (~2755), 428 (~2405), 320 (shoulder), 270 k14700), 239 (~14715) rm in ace- 

nitrile) also &es mt show the typical fermcenim absorpticm zound 600 nm (Amax 617 (~420) rnn 

forfezmxeniuntetrafluorcbor ate'), which was fomd1'2 in [2,31 (X 

ispresentinbiferroom [R(III)-Fe(III)]-bis-tetraflmr&orate6 zya 

600 (~370) am) sad which 

solid nujol ml1 shows 

a 760 ma), the mm-rigid aualogus of ouz (3,31 mpomd. 

Ihis &sematicmleadus tosuspectthat [3,31 mightbe diamgnetic. Mqneticsusmptibility 

-uxenents7 at22' proved [2,21 to be.diamagnetic and &IL.&I the expected spin l/2 parasqnetism 

(%ff 
=1.85 B.M.) for [2,3], while for [3,3) cmly a small but detectable smoaptibility was found. 

(Xrrsuspi~~thatthisresidualp~~tisn~~tbedueto~ti~wasmpportedbythe 

factthatdiffermtsanples shmedvaryingbut always mi.norsusceptLbilities. Itwas therefore 

not surprisingthatnmr spectraof allsanples of [3,31 in CD3CN shmedmlybroadncmdsscript 

signals. In spite of the instability of aqueous solutions of [3,31, w were, hmevar, able to 

record mu spectra of [3,31 in D20 by virtue of the fact that [2,31 is essentially insoluble in 

water*. Ihey shcw two sharp peaks at T 3.64 and 5.92 with a width at half height of 6Iis and a 

1:l pmtcm ratio. Bothpeaks rapidlybroaden (thehigh fieldpart fasterthauthelcu field 

porticm) untilaftera f&uminutes onlyilldefinedbroadbauds, shiftedslightly to lmer field, 

caubs fomd, similar tithe signals of [3,31 inCD3CN. lJnderstandably,oureffortstodetect 

the mqec&d resolutim of the two peaks into triplets** msrenotsucosssful.Wcosiderthese 

ckematiamasvalidpmofforthedi~mqnetismofthe [3,3) dicaticm. 

AsreasansfarthediaMgnetisnof[3,3lwe~~tocansidereitherdirectmetdl_metalbcnding 

ormatal-ligand-mtal interacticms. A~~-~~bcndhasreoentlybeen~lied8toberesponsible 

forthediapMgnetismofbispentalenedia%alt, inwhich aCb-Codistauos close to 2Acaube 

assunsd,wtLile the~~~tisnofbis(as-~~~)dicobaltwas considered8 toresultfmna 

~dkkanos too lzgetoallavbmdinginteractiau~ IfthisinteJpxetatialalalewere 

a&kable totheBFDsystan,weshouldexpect 13,31 tobeparmagnetic, sinoa, ifweextrapolate 

(*I 

(**) 

Ihe mnr spsctra were reoxdsd with sodium 2,2-dimathyl-2-silapentane sulfcnate as in- 
staudazd D2oaxSkningthestaudard was added to [3,3], the solutim was filtered into 
aumrtube,audthespectrawere reaxdedwithinmeminute afterdissolvingthe sample. 

A. Davison and J. C. smart (J. C~qmmstal. Chm., inpress) havepreparedthebis-hemfl~ 
phfx@ate salt of the diazbalt analcqus of [3,31 (nmr in CD$X: triplets (J=lHs) at ~2.52 
and h.52), which is isoaleckmic with BFD (mr in bensene+: tripiets (J=2Hs) at ~4.78 
and 6.27). 
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fram the &-& distance' of 3.984 A in [2,2] and of 3.887 A in bis(as-indaame)diircml" ,tbeFe-Fe 

aistan~in[3,3]shouldbeoansiderablylargerthanthe~~t~~~bcnd~llof 

3.05 A. For these mascms, and because it is knmn l2 thatmtal-mtalbmds arepreferredin law 

oxidati~states,werejecttheideathatadiredFe-Febcndisresponsibleforthedi~~~ 

in [3,3] andprcpcee thatitis duetospinpairingby interactions of the txoirm atms through 

the coplanar ligands. It has beenestablished, mainly through thewurkofTau?ze13 thattwo 

metals can interact strmgly through ccnjugabxln-electronsystem, although Nldelocalization 

orrescmance stabilization 
14 ha~notbeendescribedsofarino~~tallicsystens. lhe 

observationby Cman l5 thatzis paramgnetic indicated that alternatives to findpotpntial 

energy minim are available, so that the high spin cnnfiguratim is energetically favored in 2 

owrthesingletresulting franelectrcmpairing throqh the potentiallyomjugated fulvalene 

ligand? The coplanarityofthe fulvalem ligands inBFDnaturally favors interactims over 

theentiresystem. Tbuswebeliem that [3,31 represents adelccalizedcycliccmjugated 

syst=ofD2hw"=tw. 

lheseresultsstill~oclarifythequesti~ amcemingtheelectxvnicstructumofthe 

[2,3] system. Since there is little reascm toassuw that the observed interactiansbetween 

theizxmatans in the [3,3] case shouldbelcet in the [2,31 axqmmds, ourearliersuggesti~~ 

not to regard [2,3] as a delccalized symmtric systemmightpcesibly require a revisit. 

P~Liminary~sbauerand~datainQedindicatetheequivalenceofthetwoironatansin 

the mixed vaknuz system16. If this can be amfirmd, the near infrared bands in [2,3] might 

ha= to be assigned to a wm* like transition rather than a [2,3]+[3,2] electxm transfer 

absoxption. oUrhesitationtoadoptthisviewisbasedanthe~l~thatindelocdli~ 

Systems ~spectral&amcteristics ofthecmstitwnts arenolmgerdiscenrible,b~~t 

the electronic specbm of [2,31 does shcw the 600 m absoxptian of the fertoceGun salts with 

nearlythesameintmsityasinfermcenimtetrafl uordxxatxa5. This &servatim stillhas to 

bereanciledwith theevidenCe for &localizatim andsynmtryof theBFDsystem. 

(*I In this case,hmever, the interactim betweenthetwofermceniunhalvesrnaybe 
diminishedbytwistingofthecentralbcnd~bystericandelectraricrepllsions, 
al~aC2h~~~twarldpranise~l~conjugationsothatthesiragletstate 
muld, inpri.nciple,beeneqeGcallyprefemd. 

1. U. T. ~l~terhoff and P. tilbracht, J. Araer. them. Sot., 94, 9272 (1972) 

2. D. 0. Cman and C. LeVanda, ibid k, 2, 9271 (1972) 

3. N. S. Hush, Progr. Inoq. Chm., 1 391 (1967) 

4. I% B. -in and P. Day, Advan. lnoq. them. Radiodm~, lo, 247 (1967) 

5. R. Prins, W Caman., 280 (1970) 

6. D. 0. Cauan, R L. Collins and F. Kau6nm, J. Phys. &em., 75, 2025 (1971) 



1858 No. 21 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

l5. 

16. 

Ws thankDr. K. Ieeofthis laboratory forthesemeasummnts. 

T. J. Katz, N. Adan and J. IkGinnis, J. Amer. Chem. See., 94, 6205 (1972) 

M. R. Umrchill and J. Wonwald, Inorg. Ckm., 1, 1970 (1969) 

R. Gitany, I. C. Paul, N. Actcn and T. J. Katz, Tetrahedzxm Iett.,2773 (1970). ‘Ihe 
F&(111)-Fe(II1) derivative of this wrpoundshouldbe an interestingtes~e for 
ourasslmpticms. 

L. F. Dshl, E. R. Gill and R. D. Fkltham, J. Amr. Che?& Sot., 91, 1653 (1969) 

F. A. cattcn, Accounts Uwm. l&i., 2, 240 (1969) 

(a): H. Taube and E. S. Gould, x, 2, 321 (1969); (b): C. Creutz and H. Taube, J. Amx. 
Ckfn. Sot., 91, 3988 (19691, 95, 1086 71973); (c): R. H. Magnuscm and H. Taube, ibid., 2, 
'2213 (197z);Td): B.May& and P. Day, ibid 
4360 (1972). 

;, E, 2885 (1972); (e) E. S. Gould, SE, 

Wf. 5, p. 248 

D. 0. &wan, G. A. Can&la and F. KauW, J. Arm-. Chem. Sm., 93, 3889 (19711, found 

hff = 3.5 B.M. for 2 and peff = 2.2 B.M. for the ax-reqxmding Fe(II)-Fe(II1) salts 

mote 10 of ref. 3. 


