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This reviewbroadly follcws the formatestablished intheprevioustw 

years* The literature coverage continues where that of 1980 ceased, Thus, 

publiCatiOnS Cited in ChetiCUZ _&8tMoti8 Vol. 93 W-26), Vol. 94 and Vol. 95 

(l-18) are reviewed. I-bmmr, papers published in J. Am. Chem. Sot., Inorg. 

Chem., J. &em. SOC., Dalton TPUn8., J. Chem. SE., Chem. COm?nun. and 

J. orgunomet. them. have been covered up to the end of 1981. 

Q-u3ofthemstinterestingfindingsinthisareajnvolvesastudyofthe 

reactionof the opticallya&iveca@ex, Ee&k(oD)~W-~OX@Ph)~(cp) 1 with 

OOlO-8546/85/$21.70 01985 E1sevierSciencePubhsbersB.V. 
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00 which yielded [Fe(cQMe)(cO)I(S)-NMe(cHMePh)}(cp) 1 with 90% StereoSelectivitY. 

This is ocmpatiJde only with a mechanism inV0lVing the formation Of all 

+MeC=oti- te rather than the well established mathyl migration 

mechanism observed for the carbonylation of [MnMe(cO) 51 [ll. 
Interest in metal carbonyl radicals, radical anions and radical cations 

corltinues to grow. w irradiation of [Fe (CD) ~1 in perkane at -100 ‘C under 
dihydrcgen (30 atm) yields [HFe2(cO)8]', and one-electron oxidation of 

[HFe~(o))1~]- and [HFek(cO) 141- gives We3(C0)111' and K--JFe4(cO)141', 

respectively [21. when a dilute solution of [Fe(cO)s] in rigorously dry, 
oxygen-free thf is treatedwithan excess of analkalimetalor analkali-metal 

alloy, a red-brown coloration is developed and EPR spectroscopy Shows the 
. 

presence of [Fe2(CO)81r, D?e3(co)r11z, [Fes(a))lzlz and D?f3+(cOI~31- 131. In 
a related study, [SFeC&(CD)91f has been generated by both electrochemical and 

chemicalmeans, and it was found that about 60% of the unpaired electron 

density resides on the two cobalt at- [41. 

The EPR spectrum of the species generated by y-irradiation of single 

crystals of [Fe(cO)2(No)2] is corisistent with production of [Fe(cO)2(No) zI’, 

whichhas C2vsymnetry; the unpaired electron density is largely confined t0 

the nitrosyl ligands [5]. Electrochemical reduction of [FeX(cO)~(op) 1 (X = Cl, 
EK, I, SnCl3, GeCl3, SiPha, SnPh3 or GePh3) proceeds in two on~eleotr~ Step% 

The primary products of tk first step, the Ef of which depends slightly on X, 

are the anion X- and the kryptoradical [Fe(C?2)2(cp)]', which is strongly 
attachadtothe surfaceof themarcuryelectrode. The second stepcorresponds 
to reduction of the dime.r [Fe2(C0)~(cp)2] which is formad by a corfplex sequence 

of reactions at the electrode. The Lm in the [FeX(a3)2(cp)l ccpnplexes is a 
OX-orbital of the Fe-X bond [6]. 

Electrochemical oxidation of [Fe(CD) I+L] and [F'e(cO) 3L2] has been studied. 

Ataplatinuxnelectrode, the 17-electron cations [Fe(cO)bL]+ and [Fe(cO)3L~]+ 
(L = AsPh3 or SbPh3) which are generated initially are unstable in all solvents, 

although [J+(W3IPPh3 Ial+ stism stabilityindichloromathane. At a 
mercury electrode, the cations seemmarkedly~re stableand chemicaiiy 
reversible behaviourcanbeobserved, whereas thebehaviouris irreversible at 

platinum. It seems that rsarcury-stabilised cations are responsible for this 

difference 171. 

A study of the mechanism of the reaction of [FeI(CO)~(cp)l with A~[ES?C] 

has shown that the adduct [(cp)Fe(~)2IAg]+is formed initially and this 

deoomposes to AgI and, in the presence of an excess of [Mu 1, the 

bridged cation [b’e(cO) 2 (cp) IA+. This dinuclear Cacion reacts with a 
fusther half equivalent of Ag[EF~J to yield [Fe(BF+)(a))e(cp)], in which the 

an.ioniscoordinatedtot.hemetdL. Oxidation of [Fe2(aO)b(cp)2] with 
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[Fe(cphl+ in prapanone (presumblycontainingtraces ofwater) gives 

[Fe(CO)2(H20) (@I+ 193. The preparations of [Fe(CD)3_n (Pm)n(cp)l+ (n = 1, 
2 or 3) have dso ken described amI the species (n = 2) yields 
[Fe(Pbk~)~(&CN)(cp)]+ on photolysis in ethan=itrile. This cation is a 
useful precursor to [FeX(PEIL;a) 2(cp)l 1101. 

K[Fe(CD)p(cp)] is conveniently prepared by keating DQ?z(oO)4(cp)z] with 
potassium benzophenone ketyl in thf [ll]. Irradiation of [Fe3(CD)11] 2- h 

the presence of PPh3 in I%sCN gives [Fe(W)sl*- and [FeKD)3PPh3)zl. T'he 

reaction is inhibited by CO, and the suggested mechanism involves initial 

formation of [Fe3(CD)lo12- which is the imEdiate p recuxsorof the products. 

Itisproposedthatthe reasonwhycluster fragmentatimdoes mtcxmx in the 

primary photoprocess is that the face-bridged Co ligand inhibits gecmtric 
rearrangemntof thephotogenerateddiradicalspecies. W imadiation of the 

[Fe3(CO)ll12' anion in NaOH solution gives [Fe(EI)4]'-, Fe(OH)2, HP and CD; 
hmever, the initial step of this reaction is not knc+m [12]. 

Reaction of [?&(0X) 3(No)l- and I??e3(cO)121 gives the anion (11, which has 
abutterflystructurewithall~talatomslinkedtothenitrogenatom. 
Protonation of (I) gives [Fe4N(CO)12Hl. However, reaction with an excess of 
acid LIMI~TI Co yields D?e4N(CO)ll(PiR3)1, D?e3(NH) (a01101 and [Fe3(NH)2(cO)91. 
Reaction with [No]+ leads to [Fe4N(03)11(NO1] [13]. Treatment of [Fe+(CO)13]- 
with CF3S03H yields the closely related carbide-anion (2) 1141. Oxidation of 

- 

- 

the dianion D'e&(CD)~~12- in rrretbanol gives [F~s(CD)~~C!(CO&~)]-, which QII 
treatnent with CF&O3H produces the carbide (3) [15]. 

The cluster cmqmund [Fe~(cT))4(cp)4] is obtaimd in high yields by 
photolysis of [Fe2(CO)4(cp)21 in the presence of catalytic amunts of PPh3. 

Hrrwever, the use of 1,3-dimUlylbenzem as solvent is said to be critical in 
obtaining high yields. Inhalccarbor-solvents,PPh~ is ineffectiveandthe 
tetramer is obtained as the radical cation [Ml. 

- 
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The fluxional behaviour of [Fe~(a))~lLl IL = PR3 or P(OR)3) has been 

interpreted interms of auicosahedral~ cuhroctahedral interchange of 

ligarrds, of the type previ0usly postulated for the carbcmyls [MI+(W)IZI (M = 

Co, Rh or Ir) [17]. The heats of formation of [Fe2Ru(W)121 and [FeRun(W)1zl 

are -1820+14 kJ iml-l and -1903+18 W ml-l, respectively. Thesevalueslead 

to an Fe-Ru lx& enulalpy contribution of co. 95 kJ 1101'~ (181. 

substitution of [H#e&(W)13] (M = RI.I 0r C%) with PR3 gives 

[H~F~M~(W)I+&R~)~] &'= OS, R = Ph, II = 1; M = Ru, R3 = Phs, Ph&e, PhMe2, 

Pf=n, 0443, (=I 3, OIW2Ph, -3 Or t-2) 3; 7.z = 1). The structure of 

[H2FeRu3 (W)l2(P%2Ph)l has been detemined aud is basically the sallIz as the 

unsubstitutedca@eX,withtheph0sphinebeing attachedtotherutheniumatcan 

that is alsoboundtm thetmhydride ligands. Photolysis Of fH2%bf3(~)131 

in the presence of HP gives [H@aM3(W)12], but similar treatnr~t in the 

presence of W leads to cluster fragmentaticxn [19]. kFeR.h(~)ls-n (PR3) nl 

displayfluxional pmcesseswhicharebasica_U_ythe samaas those of the 

unsubstituted c0Itplex. These involve bridge-t erminalWexchangel0calised0n 

imn, cyclic exchauge of W ligands about the triangular face of the cluster 

which possesses the W bridges, and metal framewxk marrang emmtwith 

correspxding shifts of hydride aud carbonyl ligands 1201. Pea&ion of 

[FeH(W)rl-with CR%(W)121 or (Fe2Ru(W)12] gives ~HF~Ru~(W)ISI-O~ 

IHFeSu2(W)131 , respectively. The structures ofthesetmauionsare 

similar,inthattheybothc~~ina~trahedral'~ayofmetalataos. The 

(F~a)specieshasthreeterminalWligandsoneach~~~atcm,~ 

tenninalWligandsonthe~na~,and.~~-~~~W~psbe~ 

ironandrutheninrmwiththe~h~ideligandshridgingone mu-mbond; the 

{FepRup] speciesccmtainsa fully bridging03 gmupbetwsenthe imnatams aud 
110 semi&bridging W ligards [21]. K:(PPh;!)3 reacts with [-3@)121 With 

the replam tofthreeWgmupsandthef0rmati0n0faccqlexin&icha 



phosphorusa~coordinatestoeachofthethreemetalat~ 

triangular face [221. 

EFR spectraofthe anion (4) showtheunpairedelectron 

0 

non-degenerate Ml 

[PtsFes(m)~21~-, 
platinutTl(11) salt 

of the {Fts} system [231. 

isobtainedfromreaction 
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forminga 

tobelocatedina 

The related anion, 

between m+co~131 2- and a 

in thf [24]. The recognition that @u(PPh3)1 is isolobal 

withthehydride ligandhasledto an increase in interestinclusters 

containingthis group. It has been found that [FecO3(C0)12] reacts with 

[Au(No3) (PPh3)l to produce (5), tiich mntajns the first exaqAe of a 

triply-bridging gold atm.and is analogous to DiE'eCo3(cO)123 ti which the 

hydride bridges the three cobalt atcm [251. 

(63 R - Plr or Phb 

[Fen KDI 91 mati with WCl2 (PR3) ( arem to give (6) E261. Treatment 

of [{~(sQMe3)(cp))~SI with [Fe(cO)51 under @o-cdl conditicms leads to 

(7), whereas the related a2npcmd (8) is obtained frcm reaction between 

E's2 (a) &21 and D-2 KD) 6 hp) 21 WI. 
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F&action of [HfX~(cp)21 (X = Cl or I) with Na2[Fe(oO) 41 lead.9 to 

[ (cp) gEFe (CO) 41 1281 and treatment of [Fe(m) 51 with [Cd(On@k) 21 in the 

presence of N,B'-din-ethyl-1,2-dimincethane 05 1,3-diWopahe (L2) and 

NH40H yields [LnCdFe(CD)41 [291. 

T& conplex [Fe(o3)4(AsMezX) 1 reacts further with AsMe2X to give 

[Fe((a3)3(AsNz2X)~l (X = NW2 or SiMes)i Reaction of the 

bis(dimethyl~oarsine) complex with HCl yields [Fe(a)3 @MezC1)2 1 and 
reaction of the bis(trimethylsilylarsine) blew with MeOH, *2X1 and *2*c1 

produces [Fe(CO)3(AsNe2X)21 (X = HI pMe2 or Mz). 

Benzilideneacetmetricarbonyliron reacts with [(CClMAsEaenl hi = m(00)3m3, 

Fe(C0) (cp), etc.1 to form [(oC)s~~ [301. I(OC)4F~(~)n1 (M = mr 
n = 4; M = Co, n = 3) undergoes reaction with [M'AsMes] (M' = Mn(CC) 4L, 

Re(CO)aLa, Fe(CO) (No)Lp or cO(a3)&2 IL = Co, PMe3 or P(m) 31) to give the 

chain cm [(CC!) sFe-As!&-WAG&-M'1 [3l1. Akinetic studyofthe 

reaction of [(oC)4F~(CD)31 with P-, As- and Ss-dwx ligands suggests 

that a concerted, largely Id, process is occurring with the less nucleophilic 

reagemts,butthatthe reactionshavean increasingly greater Ia character as 
the ligamd nucleophilicity increases. The products have L attached to.the 

cobalt atom [321. 

Reaction of [Fe(CD)4(PPhGPh2)1 with Du~(aO)l21 *es (9) and a 
similar reaction of [Co2(03)8] gives (10). Thelattesprcduct undergoes*= 

~electronelectrochemicaloxidati~r~~~ and yields an aniOn on 

treatmnt with sodium amalgam [331. 

mea-t of Fe2tCO6 (u-X) 21 (X = S or PPhH) with [Coz(a) al ~~s w 
(21) [34a]. mver, a similar reaction betmzen [Fe2(CD)~(ti-S)21 and 

[mz(oO)l~l under photochemical cmditions gives [Fe~Mn&(cO) 141, the xIy)sk 

likely structure for whichis (12), althcnqh it is difficult to distinguish 

betwzen the iron and manganese atoms by X-ray methods [34b1. when a mixture 
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of [Fe(cO)51 and [cO2KO)~l is treated with Na2S or NaEEtl undex OI (150 alm), 
CFezcO(cOl &I- is formed. This anionundergcesprotmkation to form (131, a 
reaction which is reversed when (13) is treated with polar solvents. The 
anion also reacts with acidified nitrite solution to yield (14) [351. 

The anion [Fe(cO),]2- reactswith EiMe3EIrl in petrolemetherto give 
cis-CFe(eO)~GiI%?3)~1. Hmm7ex, Mken the react&n of the potassim salt of 
the anion is carried cut in thf, K[Fe(00)r(SiNe3)] is obtaimd. This salt is 
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[441, as has that of [Fe~(cO)g(2,3-diazonorbornene)~, (181 [451. 
It has been found that CoCl2.2H20 and CQI2.4HzO CXkalySe the reactiOn 

between D?eKD)51 and PR3 giving good yields of tFeKO)~(PR3)1. The reaction 

rate follms the order: PPh3 Q AsPhs s P(OPh) 3 > SbPh3 > PPh&z > PPht&;! > 

Pkych)3 > PKnW3 > PBu3 > PK-13 [461. The electxmhmical synthesis of 
phosphite substituted iron carbonylccpnplexes usingrretalamdes has also keen 

reparted [471. 
Reacticm bdzween [Fez(a) 3{P(OR)3)(cp)21 (R = Me or Et) and an excess of 

P (OR)3 ,@ives [Fe(CO)(P(OR)3 >{P(O) (OR)~)kp)l, [Fe((l3R) (CO)iP (OR)3)(cp) 1 and 
[Fe(OR) (cO)~P(OR)3)kp)l (R = * dy). Asimi.l.ar reactionbetKeen 

[Fez (00) 3 (Ppr3) kp) 21 and exlcess pR3 produces felzocmE and [FeH(cO) (PR3) (cp)l 

[481. 
When [FeX(cO)~kp)l (X = Clor Br) is treatedwith [Li{P(SiMe3)2)'1, 

@k@(siMe3)2~(~)2(@1 is formed. This cxxqamd reacts with [Ni(cO) I+] and 
[E&(a3)3] to give [(Cp) (OC)~F~IIL-P(S~M~J)~)M(CO)~~ (M = Ni, 71 = 3; M = Fe, 

n = 4-j respectively. Photolysis of thedi-ixonmarplexleads to 
[(cp) (oC)Fe(c1-P(SiMe3)2}(cl-03)Fe(~)31 and treatmenttieh mkhanolgives 
[ kp) (OC) 2Fe (cl-PJ&)Fe (Co) 41 [@I . Reaction of [Fe(cO)s] with [PPhHn] at 
90-120 OC gives three stere0iscmz s of [F~:!(CD)~(C~-PP~H)~I differing in the 
mutual positi- of the PhgmmpandtheHatcmonthe pbsphidohridges. 
Furtkrtreatrmmtofthebridgeddimxwith [PPhCLl i.nthepresence of Et3N 
gives [(PhWFenl~)~ (PPh)sFezKD)6(PHPh) 1 and (19) t501. !l?reawt of 
[Fe(CO)lr (PMs2H)l with [Ni(rj3-C3Hs)21 or ph0tolyA.s of [Fe3(CO)r23 in the 
presence of [PMezHl leads to (20) 1511. 

An (LL, n = 2; IL',n=3)reactwithixon 
carbonyls to yield We(cO)3UJJI, [Fe(CO) 3 (LL')l, [Fen) 6(m) I, and 

D7e2om)aGL’)l; (21) and (22) are f0rnEd fran 
(Ph2P)~&?$F;)&(PPh2) (&2)2 (LL’) 1523. 
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When [Fe(o3)~(Pl?hRCl)(cp)]+ is trxated with queous triethylamine in 

propanone, the ccnplexes [~Fe(eO)~EPl-BO) (cp))~Hl+ are formd. These are 

acids of mderate streng-th and a structural study on the butyl derivative shows 

it to adopt structure (23) in which the O***H***O distant of 240.3 pn is 

YPh 
FP--P, 

I &I 

“k 
0" 

Ph\ I 
&Hp-FP 

(23; Fp q  iFm (cp) tC0, *3 ) 

smewhat shorter than average. Reaction with gasecus HE& gives 

[FeK!O1~@l?hR@H)~bp)I and treatment with FksN leads to [Fe(cO)~~PPhR(O)~(cp)I 

[531. A stictural study on [(oC)~Fe(~--pMe2)(~-I)Fe(cO) 31 shaa the F’e-E’e 
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distance to be considerably shorter than expcted at 258.8 pn [541. 

&action between [Fe((lo)4(PR&l)] and AlC13 gives [Fe(aO),(PRz)1+ (Rz = 

&&.~)cl, (Et2N)C1, {(CHM%)PN~C~, (MesSi)~, (MeMCMe3) [551. Treatrent of 

[Fe2(cO)s(cp) 21 with SbF3 gives [#e(C'O)2(cf?)~~SbF~~+ or 

~I~e~co~~~cp~~~sbosbI~e~a3~~(cp~ 1312+, whereas As-F3 yields 
~~~(~)z(cp)~~~d. With RAsXZ and RzAsX, t~Fe(CXl)2(cp)~2As(R)Xl+ and 

[I~e(aD)~(cp)l~~s~~l+ are formsd respectively 1561. CFe2(03) sl reacts with 
substituted stibanes, RpSbSbR2, to yield [Fe(C!D)~(SbRASbR~)] (R = Et or CT%a3), 

[Fe(a3)3(CL_SbR~)nFe(ao)31 (R = Et or Ph) and [Fe(03)4(C1_SbPh)nFe(a3)41 [57l. 

Reaction of [~e~r(O3)2(cp)l with [Ph2PCIGCH2Sl- gives B'e(PPh2cH2CW2S) (CC) (cp)l 

Ml. 
When the cation (24) is treated with base, six&e iV-deprotonation was not 

observed,butwas acw 'ed by the unexpected migration of the phenyl group 

to the metal atom to give (25). Even mre suqxisingly, this reaction could 

be reversed by treating (25) with acid [59]. 

I2ll (251 

&(I) and &(I11 PES and M3 calculations of IFe~(C06L21 (L = S or SCHMe2) 

have been reported [60]. CFe2(CO)6(~-Se)23 reacts with eleckophiles in a 
manner sirrUartoorganicdiselenides. Thus,treatmentwithLi[BEk3H] or 

RLi gives [Fe~(o3)~(~-SeIA)21 or D?e2(cO)~(i.t-SeR) (u-SeLi)l respectively. 

Reaction with D?t(PPh3)~1 gives (26) and with [~2(CC)el, BeCo2(CC)~(c13-6e)l 

is obtained C611. Roussin's Red Salt, [Fe2(NO)~(pS)212-, behaves similarly, 
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reacthg with electmphiles to give [Fe2(N0)b(kSR)21 ER = Mz, Et, CHMe2, 

phcH2, ~e~Sn, PhsSn, Ph3Pb, PhHg or Feds and with Et(PPh3) 2C12l to 

form the analcgue to (28) 1621. The same research gmq have prepared 

[Fez(o3)6(~-SH)~l by reaction of [Fe2(oO).~(tl'-S)2] With KH to form 

[Fen 033) 6 (cc-S)l'-, follcmed by protmation of the dianicm with m3m2Hs NMR 

studies suggest the di-(b-SH) complex exists as a mixture of three isomers 

differing in. the relative orientations of the SH groups as shown in (27). 

1271 CO groupr omitted) 

This mlecule mimics organic thiols reacting with I(CWZ)~I and Et3N to yield 

[Fe~KO)~~~-S(CH~)~S]l (n = 1 or 2) 1631. It has been proposed that syn- and 
anti-isxmsrs of [{Fe(cO)3(~--))2] interomvert via a kmAani6m involving Fe-S 

bond rupture ard reformation [64]. 

Reaction of [Fe2(~)6(pIk)21 with Ee(CXU 51 in the presence of base or 

!%23N3 or reaction of [Fe(CD) S] with KlkO~l~- and hydroxide ion gives (28). 

The first of these routes also gives (29) 1651. The structures of the two 

(281 (29) 

iscmfxs of [I?Te(CO) (~~~~~(cL-T~C~H~-~-OIX)~I have been determined. Bothcontajn 
slightly puckered Be rings, the iron alxmbeing tetrahedrally coordinated 

andthe tellurium atanshaving kregdar trigonalpyramidalcoordination. One 
isomerhas the tm cprings cis tooneamtheradtothepuckeringof the 

ring,whereas theyaremubmlly tram intheother 1661. !l%es~e of 
IFe2(00)6 (cr-SPh) (u-PPh211, ubtained frcan p&rtolysis of [Fe(C!0) 5] and Ph2PSPh, 

has also ken detenined Ir(Fe-Fk) = 261.0 ~1 [67]. 

Eaction of [Fe2(03)9] with cyclohexe~- 1,2,3-selenadiazole, (301, gives 
(31) {r(J?e-Fe) = 263-l& [68]. mf2 carplexes m=(xy~2)(03)(cp)l and 
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0 

IJOJ IJIJ 

[Fe{X(Y)Mkp~(CU)~(cp)] {XI! = SeSe, SeS OT SS; X(Y) = Se(Se), S(Se), S(S), 

Se(O) or S(O)) all undergo a one-electmn oxidation to the c0rresp0nding 

cation. The shifts in the oxidation potentials indica~ the order of electron 

donor p0wsr, Se > S > 0 1691. 13C P-@lR spectra Of We2(cO) 5Ltp-SR) (II-X)] IX = 
S-alkyldithiocarbmate, L = CO or P(oMe)g} over the l;empeya-twe range -100 T 

to +50 ?I! sh0~s one {Fe(m)31 unit to be static while the other is flUXiO& 

[701. [Fe2(cO)91 reacts with U-alkyl-S-al&ldithi0carkonates to give (32). 

OneortwpcOligandscanberepla0adbyPKM3)3 1711. Reaction a 
[Fe(oO)~(thf) kp)l+ and PUSH gives [F~(CKI)~(SHP~) (cp)l+, which is a strong acid 

and canbe depmtmated by base yielding [Fe(S~h)(oO)~k.p)l t721. Astructrural 
study of [FekCtO)H~(CXI)2tcp)l confinns the presence of xmmdentatemthanoate 
1731. 

Dia&ylthioketmes react with [Fe2(CO)s] to give (33) and (34) 1741. 

f33J 1321 
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Treatment of [Fe(lx))~(cp)~l with EXZS~ (z = 3 or 4) gives tFe2(&) (SEM~(cp)zl I 

[Fe&(SEt) (~~131, D?e&(cp) $1, P@4Ssk~) sl and [Fe&(cp) 41* Asimilar 

reaction of [{Fe(CD) (SEW (cp) 121 and Ss gives all these canpounds except 

[Fe3Sz(SEt) (cpj31 and treatmnt of [Fe2(CO)4(cp)21 with SB gives a mixture of 

the threetetramclear species: allof these compounds contain the Sp unit. 

Electrochemical oxidaticm of [Fe2(S2) (SEU2(cp) 21 gives the correspxding 

mmomtion, whereas similar treatmnt of [Fe~$~(cp) 41 gives both mm- and 

di-cations. PeG5kp)41n+ (n = 0 or 1) are both fluxional [75]. 

[(cp)Fe(oO)(~-a3)(~--cS)Fe(a3)(cp)] reacts with PR3, M&C and halo-organics as 

shown in Schem 1 1761. Reaction of [Ek(CD)~(CS)I with IC(NNe2)41 gives 

We(cD) 4~ceJNMe2~1-, which on treatmark with magic mathy yields the carbene 

oon'plex ~Fe(CC)ri~C(SMe~Nkk?2~1 1771. Reaction of [Fe(m)2(CS) (cp) Ii with 

(35: L) in pmpanone under photolysis gives [Fe(CS)L(~2cO) (cp)l+ 1781. 

When [Fe3(CU)121 is treated with CSZ in hexane at 80 T under OD/Ar (l:l, 

10 ati), [Fe3KW&l, EF~~KD~z(C&+)I, [F~~(CO)L~(WSI ad. (36) are 
obtained [79]. 

1351 (361 

Photolysis of [Fe(m) 51 gives PFe;?KNR)~1 (R = Et: or CHW 1. A 
structural study of the CNEt ccqound shows it to be similar to [Fe2(cO)gl 

(r&-Fe) = 246.1 pm). It shows bridge-terminal ligand exchange, occurring 

byasynchonous pair-wise rfechanism. Reaction with RI (R = Me or Et) gives 

[Fe~(CNEt)~~CNW(R)~2]12 which contains bridging carbyne ligands. Photolysis 
of D?e(CNMe3)53 gives [Fe(CKMe3)4(CN) 21, amI in the presence of 

cyclooctatetra~e [Fe(C!MXs3)3(r14-cot)] 1801. 

In solution, [Fe2(CD)n(CNR)4_n(cp)21 (R = Ph, 4-ClCsHGH2, PhCH2, 

4-b%?C&~2, 4~6H&&, D(+)-Phb%d& &,Et,&l,0@&!2, C&l Or -3, ?I = 2; 

R=Me,EtorCJNen,n=l) existasrapidlyint erconvertingisamars. When 
n = 2, RNC is less likely to adopt a bridging position as R is varied along 

the above series. The isomer &istribution is acomequemeofthe 
electron~ithdrawingpme.rof the Rgrcmp,whichas.itinmease sfavcursa 
bridging CNR position. Steric effects are less irqor-tant, but the mre bulky 
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RgroupsdofavourabzminalCNR. Whenn=l,onlyonepr&kminantisaaneris 

observed in solution [al]. Reaction of [Fen(CO)pL(CNMe) (cp)~] (L = a3 or CNW 

with tHgX21 (X = Cl, Br or I) gives EeKD) (I-&X) kp) 1 and Ee(NCMe] (L]X(cp]l. 
This provides confinnationof areactionmxhanism inwhichthe electrophile 

initially attacks a bridging ligand (Schems 2) [82]. Treatnent of 

I 
A A X 

7 
HSX 

I - 

Hg 
I 

1 + A 
M +X- 

'C' 
B II 

B 

SCHEME 2. Mechanism of the reaction of Dk2(CO] 2LKbMe) (cp) 21 (L = Co or CT@%] 
with HgX2 [82]. 

[Fe~(ClD)~(cp)~l with CN(CH2],NC (n = 2, 3, 4 or 6) gives the cmplexes 

[I~~(C~)~(CP)~)~CC(~~)~~~I, which are fluxional in solution and exist in 

three iscmaric forms (bridgeSbridged, bridged-termiml and texminal, terminal] 

with respect to the bondingncde of thebidentateisonitrile. Proto~tion 

gives [~F~~(~O)~(C~)~}{~(H)(~~)~(H)NC~]*+ and reaction with iodine leads to 

[FeI(CD]2(cp]l and [@kI(CC] (cp) ~2{CNCH2)nNC~I [831.- 
sonochemistry of IFe(CC)s] with intense ultrasound has bean reported. 

sonicationproducesveryhigh local tenperatures Sndpressures forverybrief 

periods ardmay inducedifferentchemistrytotherml orphotochemical~~thods. 

For example, [Fk(CC) 51 gives only [Fe3 (CO) 121 i not Fe2 (CO) 93 as is observed on 

photolysis. mre, sonochemistry of [Fe(CYl)s] produces a species 

capableof actingas analkeneiecxer isation catalyst [84]. 
Intercalation coq?mk of [Fe(oO]51, N~z[F~(CO]S] and [Fes(Wlnl in 

graphite have been prepared [85]. When [Fe(CD)s] and [w(C!C)fi] in dmf or dmso 
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m -4 to air iFew 503 (dmf) 1 and [(CC) z (dmso)OFm(a)) 2 (H20) I are 
foxmad [861. 

2.2 HALIDE9,OKOHALIDE3ANDH?mDEcxBmmES 

tissbauer spectra of FeCls.nHnO (n = 2, 2.5, 3.5 or 6) show all to contain 

PeC12(H20)~1+ cations 1871. tisshauerdatahavealscbeenobtainedfor 

Fe2F5.7H20 and have bsen interpreted in tems of the presence of two Fe3+ ions 

Ml * Astructural studyofNaFeF4 shows ittoadopta similar structure to 

that of NaCrFb and to contain cis- and trans-linked EFeFs) octahedra which 

prcduce puckered layers 1891. The ccmpouM alleged to be tpyHl~[FeCLl could 

hot be prepared in agueous solution,butisobtatiby treating anhydmm 

Fe& inabsolute alcoholwithpyridir~ andHC1. 1twas,hcwever, fourrdtobe 

the double salt, [pyHl [FeCL+l.[pyHlCl 1901. The kinetics of the stepwise 

reversible rep lacematof Rr- bycl-ongoing from [FeBr43_ to @aClr1- hasbeen 

studied. Evidencewaspresented in favourof anion-pair, ion-pairmchanism 

arkd an associativemdeofactivationwith the five-cmordinate intermediateor 

transition state [FeRr3Cl~]*- showing exceptional stability 1911. 

SmFeOjF has been prepared and shows a KzNiFs-type layer structure [92]. 

Tknnitrogen-cantaining LeWiSbaSeS havebeenshatsl togive intercalation 

coqmndswithFeCCl. The guestmolecules arelocated invanderwaals' 

layers giving an expansion of the b-axis of the unit cell. Themqnitudeof 

thisexpsnsionhasbeenusedtoprovide infoxmatimon theorientationof the 

guests [931, 

Heating BH1+1PeC141 gives a ccmplexmixture of products, but [FeC13.NH3] 

hasbemidentifiedintkgasphase and itsW spectmmrecorded [94]. 

Reactionbetween solid FeC12 and gaseous klGIBI at 620-770 K leads to 

formation of gaseous [FeAlpCle], which has D3h syam~andcoutainsthe 

iron ion in a distorted o&ah&al envir0ntm-k 1951. 

A structural study of Na31Ps(CN)6].2H20 reveals layers formed by distorted 

oct&edrallycoordinated sodiumions at-e counected by regular {Fe(cN)61 
octahedra 1963. Dehydration data, the vibrational spfxtra of the water 

mlecules and crystallographic data for S~[F~(CN)~(M~)I.~HZO (n = 1, 2 or 4) 
showthepresenceof fourdistincttypes ofwatermlecules,withonlyonetype 
(O-bonded to Sr'+) ccmcn to all three hydrates. Theothfxtypesarea' 
"Dn-hydrogen-botiedtype Idihydrate), amlecule boundbya singlehydrosen 

atantotbenitrogenatamofacyanideligand,andasetoftw9~leculeswhich 
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are hydrcgen-bonded to this previous type (tetrahydrate) [971. 
MsW'~(CN)~(SO~)I {MS = Na5, Tls, NaKr, NaM'2 (M' = Co, Fe, Cu, Mn or Ni)] 

have keen prepared [98] and a structural study of Nas[Fe(CN)5(S08)].10'5H20 
confirms S-coordinated sulphite ions b(Fe-S) = 225.5 lx-1~1 which appear to 
exhibit m 5tructural tram effect (991. The effect of various substituents 
on the pyridine ligand upon the redox and spectral properties of 
Ee(CN)s(R-py)ln- (n = 2 Or 3) have been reported and a correlation exists 
between the electron transfer band energy and the redox potential [loo]. 

2.4 o2LmEz,SuLl?HlD~mlDREL?UmETJKmNm 

Aerial oxidation of a suspension of iron(I1) hydmxide at pH 11.0 and 
65 OC gives Fe304 and a-FeO(OH). When the sulphate ionconcentrationis low, 
the reaction proceeds in three stages. These are: (i) formation of iron(II1) 
Oxides and slawe~ fomaticn of PesO4, (ii) rapid formation of FesOt+, (iii) 
linear formation of Fe304. At high sulphate ion concentration, formation of 
cr-PeO(oH) is a cxunpnied by slow formation of armxphcus y-FeO(CH) [1011. 

A structural study has shown Na3Fe2S4 to consist of infinite (Fe&] chains 
formd by slightly distmting edge sharing {Fe2S6} e (1021. NaGeSw 
is fom'kad by reaction of Nan [O&l and iron sponge at 1000 K under dihydrcgm 
saturatedwith selenium. The cmpoundisisostsucturalwiththe sulphur 
analogy, the [Fe&Se6]6- anions consisting of tsm edge sharing octahedra [103]. 
The structure of Fe3P has also been repcrted (1041. 

2.5 lRON(I1) 

Reaction of Grignard reagent with FeCl3 under dihydrogen gives 
=H6&%=3.&l0.5(thf)8, which CQntains (&H6]4- octahedrawithmagnesiumions, 
linkedtohalideionsandthf,baundtothreeh~ide~g~onopp~site 
octahedral faces. The r(~e-H) distance is 169 pn 11051. when [F~(P4) I+ 
(X = Etr or I; P4 = Ph2PC2H4PPhCzH4PPhC2H4PPh2) is treated with [BH41- under 

argm, EeH(P4)1+ is formed, whereas reaction under dinitrogen yields 
b(H) (Nz) (R4)]+- The latter cation, in [FeH(Nz) (Pb)lBr.EtOH, adopts a tyczns 
cchhedral strum with P4 ligand occupying the four equati~ial sites [1061. 
The struti of cis-[FeH2CPh2P(~~)pPh2]~l has also bsen relxx-ted (1071. 
Photolysis of [FeI$(dppe)~l in benzene gives [Fe(dppe)zl, while a similar 

reaction in ethanenitrile yields (37) [108]. 
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3e\C+4?\ 
I 

/--N”’ 

Fe(dppe12 

2.5.2 CompZexes with N-donor Zigands 

same inumsistencies inearlierI6ssbauer andmagneticdata for 
[Fe(Ncs)2(phen)~1 have been reinvestigated. The ccqoundhasbeenreprepared 
by the two different literature methods. These involve precipitation from 
methanolor extraction frcxnpropanone. The two samples differ in crystal size 
sndquality, and theA differencesmarkedly influence the spintransition 

kehaviour [log]. EPR sndMijssbauer dataha~alsobeenrm for 
[Fe(NCs)~(phen)~l and [Fe(phen)31C12.EtW aOpea with a 1% concentxation of m2+. 
The presence of theMn2+ ion has no effect on the spin transition or the 
temperature at which it occurs. Thelimwidthof thembands ofm2+ 
increasedramticallynear the transitiontemperature andremainnarmwboth 
above and below it. Bmadeningoccursbecausethelifetirne, Tel,of the 
spin-state of high-spin iron( which is much smiler than 3 ns at higher 
&mperatures becams mch greaterandis intherange15 ps 2 ~~12 3 ns in the 

critical region 11101. 'H NMR mas urercmts intheregionofthe spin 
cmss-ovm for these compounds are in conflict with the predictions of a 
"cluster" or -in theory and are in coqlete agreemantwith an Ising-type 

theory. This theory involves an interactiontermsuchthattheenergyofthe 
'A1 and 5T~ statesof agiveniondependonthe spin-statesoftheneighbouring 
ions. It is assumdthatthis interactiontennresults fromachange inthe 
ligand field at a given ion caused by a change in the size of the neighbauring 
cmplex when it changes from high-spin to low-spin [ill]. Changes in the XES 
spectrun of [FeNS)2(phen)21 accompanying the spin cross-over have also been 
reported. Changesareobserved in thebindingenergiesofbothrr&aland 
ligand orbitals and this yields information on the covalency changes 
acaqanyjng the spin change 11121. A related study on 
[FeWCS)2(4,7+4%phen)21 suggests that the methyl substituents change the 
magnetic transition temperature by their steric effects on the lattice 
parameters, not their electronic effects [113]. 
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t38rj X = NH, R = HI 
(38bi X = 0, A = H) 
t38cj X = 0, R = Mc) 

ligandscoordinatedbythediiminegroup. In the case of (3&x), the ccqlex 

displays a 5Tz elA1 spin equilibrium when X = [C104], but not when X = [EQ?h+]. 

(38b) and (38~) are both high-spin in the range 90-300 K. The cation 

containing (38b) reacts with d&oxygen to produce [FeIIIL~(L-H)]+ in gocd yield, 

a reaction which may he reversed by acid '[121]. 

[Fe(p~f”) 31*+ {ppn = 2-pyridinal-2-m&hy1(nrsthylamine)) undergoes a coq&x 

reaction with Ce4+ in HzSO~ solution that results in ligand oxidation. 

Iron and iron(III) complexes are formd and partly dissociated with the 

cmsumption of ten equivalents of Ce4+. The initial iron(UI) product 

disproportion&es to an iron tris-complex, the ligand of which contains a 

formy sroup and W=(ppn) 31':. The formyl group arises by oxidation of the 

2-methyl gmup [122]. 

[Fe(Pc)l, and sare derivatives, have been prepared by reactions of 

anhydridesor imidesof thecorrespor&ngphthalicacidwithFeE& andurea in 

the presence of Na2BOcl or NH~12.BO51 and catalytic amounts of [NH412[Mo041 
[123]. When [Fe(CO)5] is treated with phthalonitrile in dmf, [Fe(Pc)(cO)(dmf)] 

is famed [124]. The kinetics of the reaction of [Fe(Pc)] with CD in dmf have 

also been studied 11251. 

Further publications comeming the cosnpound claircedtohe 

[(Fe(Pc)~2(WI2)1 (see Review for 1980 1126a; p.251) have appeared. These 

include its preparation, characterisation and reaction with Lewis bases [126b]. 

The kinetics of electrm1 reduction of 02 to Hz0 and H202 at a rotating 

disk electrode coated with polymeric [Fe(Pc)] have been reprted [127]. A 

f&hbmer study of polymxic [Fe&)] indicates that the iron atass occupy at 

least tm different sites in the polymer 11281. Akinetic study has alsobeen 

made of reaction of [FeL(l+sCN)2]2* (L = (39)l with 2-iv-mthylimidazole. The 

reacticmpmceedsbyadisscciativemschanismandthe rate cm&ants for 

replacearentofthesecondMeCNrrolecule corzEzl&ewellwiththepredictsd 

labilising effects of R [129]. S0+X&-SW calculations on I 

[Fe(NKdI4) 2 (NcS)21"+ (n = 0 or 1) and [F'e@WC2Hs)2(SC'N)2] +, wfiere N&HI, is a 
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(39; R = 4-PhC6H1 or 4-MdlCCH4) 

nrxkl for a-diimine macrccyclic aanplexes of the type 

reported. Itispredictedthattheelectronremoved 

from a thiocyanate HIT orbital 11301. 

(39; R=H)havebeen 

on oxidation cclmes mainly 

Buschand wkers have continued their studies on totally synthetic 

non-porphyrin Illacrobicyclic complexes containing a persistent void. Thus, 

iron(I1) omnplexes of the type (40) have been prepared, but in order to 

reversibly bind 02 the metal ion must exhibit a redox potential that falls in a 

specific range. If the iron ion is too easily oxidised, irreversible 

electron transfer occurs, giving Fe3+ and 0~~. Attheotherextre~,thereis 

no Fe*+-02 interaction. The oxidationpotentials of cca@fzes of the type 

(40) are very close to those of W and Mb. [Fe(L)Cl]+ (L = (40), 

RP = 3-xy1y1 R2 = R3 = I Me, X = (CH2)31 has beenprepare and innon-aqueous 

solvents in the presence of cu. 1% of water, it is converted 5nto D?e(L)B12+ 

(B = py or l-Meimidazole). This latter cation undergoes ccqletely reversible 

oxygenation at -35 “C, but this is irreversible at room temperature. This is 

tba most stable non-porphyrin 02-carrying system so far reported C1311. 
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The ligand, (41), forms seven-coordinate complexes of the type 

[Fe(L)]Xz.nH20 (X = [C104], )z = 1; X = [EMIL,], TI = 0) [1321. I.lowever, the 

related 30-mmbered mcrocycle (42) with the potential ~Iv~O~,kIonor set forms a 

lm-spin conplex with IFeiV6) coordination [133]. 

1411 (421 

The ligmd tpt, (43), reacts with FeC12.4H20 to form [FeCl~(tpt)l.2~~0 

which can be dehydrated at 180 OC. Theanhydrousconplexadoptsa 

(43) 

trigonal-bipyramidal structurewithtbe chlorine atoms inthe trigonalplane. 

Slow reaction of [FeCl&pt)] with dioxygen produoes [{FeCl~(tpt))20].2H20 

(1341. 

The ccc~plexes, Ee(R3X) 31 [C10412, [FeLl [ClOs! 2 and CFeL’ 31 iXlO,l2 CR = 
2-pyridyl, X = CDH, N, P, P=O or As; L = N,N,N',N'-te~~is(2_pyridyl)en; 
L' = 2-(2'-pyridyl)imidazole~ have been prepared and U-&r electmchmkal 

beMviour studied. !lThoseligands capableof dT~TbmdingbetweenRandXcan 
stabilise +l, 0 and -1oxidationstatesof iron. I%%E%?X,LdoeSl-lot 
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stabilise low oxidation states [135]. 

[FeL31X2 {L = (44), X = [Cl041 or [SCNI~ amplexes have been prepared, and 

it is found that their spin-states depend on R, R' and X. Thus when X = [Cl041 

andR=R'=H,~orPh,the~l~sarel~sp;in,but~X=[SCN]and 

R = R’ = H or R = H, R' = Ph, intenmdiate spin (S = 1) behaviour is cbserved. 

When X = SCN, R = Ph, R' = H, a spin-equ 'libriumis established, andother 

ambinationsofRandR'withX=SCNleadtolcw-spinco@exes [136]. 

A strudural study of IFe(NCS)2(1,2,4-triazol~NZN4)2] shows the triazole 

ligand to be bridging in an mtahedrally coordinated polymeric structure 11371. 

Other studiescncoi@exesofiWdoncr ligands are detailed inTable l. 

2.5.3 CcmpZexes with O- and S-donor Zigands 

The temperature deperdenceofthemqnetic mment of [Fe(acac)z] can be 

explainedusinga 5T ligand field ground term. 

interaction between $e rmztal ions above 4 K [138]. 

There is m magnetic 

Detailed structural studies have been reported for Fe(Rsos)~ (R = C&z, CF3 

or 4-iWc6H4). 9x2 first of these is obtainedintwo forms, onewitha trigonal 

cmpression, tk other with a trigonal elongation. The former remains 
paramagnetic d-to 4 Kwith mevidenceofmqnetic exchange,tiilethe 

latter orders antif errmagnetically at 23 K. Theothertbmccarpoundsareboth 

magnetically dilute. All three amqounds sbwmagnetic mconents significantly 

less than 5.92 clg and adopt layer sbuctures in which -$kck) octahedra are 

bridged by [Rso31- ligands [139]: 

Them1 analysis of FkSO4.6H20 shows a stepwise loss of water mlecules. 

In thepresence ofarestricted supplyofdiwen, anhydmm EM04 gives 

Fe20&04)2 with no formation of Fe(OH)sO 4,buti.n a free supplyofdioxygm, 

Fe 03)S04 is fcrn&i and this, in turn, deccpnpoSeS t.0 FezO(SO4)~ [140]. A 

StsuctUral study of Fe(HCD2)2.2H20 shcws iron(I1) 'ions to occupy tm types of 
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TABLE1 

Miscell~us studies on scxrfz iron(X) ccanplexes 

c-F& -t Ref. 

FeL2(NCS)2(H20)3 IL = 4-R-1,2,4- 

triazole) 

complexes of (3,5_djn%athyl-l- 

pyrazolylmethyl)amine 

[Fe&l [picrate (L = bipy Or Phen) 

Fe (NSF3 14 (AsF6 ) 2 

ckmplex of iV?J"'-bis(pyridyl- 

methylene)trien 

[FeL31 DClsl2 (L = NCCMe2N:MMe2CN) 
Ccqlexes of isoniootinic acid 

Fe(dien) (phthalate) 

Fe(HNExWxW)z 
peL2lXP (L = cis,cis-1,3,5- 

trihydroxycyclohexane; X=NOs, 

Ws03 or 4-mC6H4S03) 

[Fe(H20)2CGiH4SeO2)21 

Fe(3,5-dinitrosalicylate)2 

[Fe(MezNCSH) 61 P21Orl zr FeWnfIBm 

Fe (dmf) z CSZ~OEW z 

FeL2 (PEGPh) 2 0% = chgi% 

diphenylglyo~, a-furildio~) 

FeL2.4H20 (I& = 2-(2_Carhccxypheny1- 
. . JluEWu+)pyridirae acid) 

F&Ln(H20)2 (HL = iV-(5-phenyl-1,3,4- 

thiadiaz-2-yljacet- and bsnzamides) 

CxdTpl~S of syn-phenyl and 

syn-methyl-2-pyridyl-ketoxirre 

FeICl (HL = bis(salicylidenea)- 

maleonitrile) 

Ccmplexes of Schiffbasesderived 

franfuran-2-cxrboxaldehyde and 

en, dien ortrien 

Ccatplexes of 2'-hydroxy-3'-brcorp- 
4Y&hoxy-5'-methylchalaBneoxinle 

preparation described 

six-oxxdinate cxx@axes described 

preparation described 

IR skews a truns structure 

preparation and kinetics of 

reactionwith [CNI- described 

shows spin equilibrium 

octahedralpolymars 

high spin, trigondl-bipyramidal 

po1ymxi.c 

preparation descrjhed 

chelating selenite ligands 

preparation described 

preparation described_ 

preparationdescribed 

preparation descr&&l 

I1y201 donor ligand 

preparationdescribed 

preparationdescribed 

preparationdescribed 

f~~al~lexeS 

preparationdescribed 

a 

b 

C 

d 

e 

P 

9 

r 
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TAlXE l(continued) 

-a -t Ref. 

Gmplexes of thiosemicarbazones of 

2-formyl- and 2-acetylthiophene 

[FeLz][ClO+]2 IL = RC(=TWH)CR'- 

(=N~2~2~2 1) 

FeL2(H20)2 (HL = 2-(2-hydroxy- 

beMylidene) amno-5-phEmyl~l,3,4- 

oxadiazole 

ccanplexes of l,lO-phen-2,9-bis-- 

(carbaldehydephenylhydrazone) 

Conplexesof Schiffbases derived 

from sulphormu 'des and substituted 

acetophenones 

FeL2X2 (L = 2-py-N=CMeC&C(NR)Ma) 

FeLzC12 (L = N-carbanqlpyrazole) 

Complexes of N-phenyl-N'-bsnzo- 

thiazole-2-ylthiocsrbamide and 

2-methylbenzimidazole 

PeL2X2 (L = thiosemic&mzonesof 

acetone and scme cyclic ketones) 

Ccmplexes of 2,3-dioxobutyran- 

ilide-2-oxim hydrazone and 

B-rescorcylaldazine 

FeL.HzO (HzL = hydrazcdicarbon- 

iRlide) 

FeL(en)X:!.nH20 (L = PhCCmDm2, 

salicylhydrazine, X = Cl, OAc, &Sob) 

[FeL212+ (L = SNHzNH-l,lO-phm aud 

a-WNHm-l,lO-phen) 

FeLz.2HzO (HL = furfurylidene 

benzoylhydrazine) 

FeLz(H20)2 (HL = 2-hydrazino 

benzimidazole) 

FeL2X2 (L = hydrazidothiophosplmric 
acid) 

FeL2 (HL= Z-phenyl~unino-5-carboxy- 

mthylthfo-1,3,4-thiadiazole) 

(NS) donor ligauds giving low 

spincoIrplSuas 

octahedral Ifl~) cation 

preparation described 

preparationdescribed 

preparation described 

Y 

z 

preparation described aa 

tiVO1 donor ligand bb 

preparation described cc 

preparation described dd 

preparation described 

PolVmer 

preparation described 

preparation described 

{NO} donor ligand 

ee 

ff 

gg 

hh 

ii 

preparationdescribed 

preparation described 

preparation described 

jj 

kk 

11 
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TABLE 1 (continued) 

CoMwwz Ref. 

carrp?lexes of I-benwyl- and preparation described rmn 

4-benzoyloxime-3-methyl-l-phenyl- 
2-pyrazoli.w5-one 
Ccmplexes of 2-aminocyclopentene- preparation described nn 
1-dithiocarbxylic acid 
[Fe(4-C1-2-NC>-C6H30)21 C00) chelation 00 
[F&3] IBF412 (L = N-acetyl- {NO1 chelation Pp 
pyrazole) 
Ccenplexes of l-amino- 2-naphthol- preparation described 99 
4-sulphonic acid 
[F~~H~o)~~c~.~H~~ (HL = preparation described rr 
lyswnohydrcchloride) 
Cconplex of cysteine polymeric structure ss 

(a) G. vos, J.A. Haasnoot and W.L. Groeneveld, Z. Nuturforsch. (X&Z B), 36 
(1981) 802. (b) F. Mani, Cong. Naz. Chim. Inorg. (Attf), 12tk, (1979) 105; 
[Ckem. Abstr., 95 (1981) 172701. (c) B.D. Pandey and D.C. Rupainwar, Trans. 
Met. Chem. (Weinheim, Ger.), 6 (1981) 249. (d) B. Buss, W. Clegg, G. Hartmann, 
P.G. Jones, R. &ws, M. Noltemzyer and G.M. Sheldrick, J. &em. Sot., Dalton 
Trans., (1981) 61. (e) J. Buryess and G.M. Burton, Rev. Latinoam. &Z.&R., 11 
(1980) 107; [them. Abs-tr., 94 (1982) 722361. (f) A.P. Zuur, W.L. Driessen 
and P.L.A. Everstijn, Inorg. NucZ. Chem. Lett., 17 (1981) 15. (g) J.R. Allan, 
G.M. Baillie and N-D. Baird, J. Coord. Chem., 10 (1980) 171. (h) P.R. Shukla 
and R. xarrml, Acta Cience. Indica (Ser.) C&m., 6 (1980) 198. (i) D-G. Batyr, 
B.M. Baloyan, E-V. popa and Y.Y. Kharitonov, Koord. Khim., 7 (1981) 737. (j) 
W. Marty, Synth. Reacti. Inorg. Met.-Org. Ckem., l.1 (1981) 411. (k) 
G. Graziosi, C. Preti and G. tisi, Trans. Met. Ckem. fweinkeim, Ger.), 5 (1980) 
262. (1) B-D. Heda, S.G. Kaskedikar and P-V. Khadikar, Ind. J. Hosp. Pkarm., 
17 (1980) 39; [Ckem. Abstr., 94 (1981) 573071. (ml G. Gritzner, W. Linert 
and V. Gutmann, J. Inorg. NucZ. Chem., 43 (1981) 1193. (n) M.R. Houchin and 
D. Chav, Insrg. Nucz. Ckem. Lett., 16 (1980) 437. (0) x.1. Turte, 
V-N. Zubarev, V.N. Shafxanskii, R.A. Stukan and G.A. Po~vich, Koord. Kkim., 6 
(1980) 1217. 
NucZ. Chem., 

(p) F. Capitan, L.F. Capitan Vallvey and J.L. Vilchez, J. Inorg. 
43 (1981) 683. 

L71. 
(q) R.S. Srivastava, Inorg. Chim. Acta, 55 (1981) 

(r) M. bhan and B.D. Paramhans, Guzz. Ckim. ItaZ., 111 (1981) 35. (s) 
M. Takahashi and T. IwaKoto, J. Inorg. Nucl. C&m., 43 (1981) 253. w 
P- shukla and R. Takrco, Ind. J. Ckem., 2OA (1981) 305. (u) N.S. Bhzivz and 
R-B. Kharat, J. Inorg. NucZ. Chem., 42 (1980) 977. (v) s. BunKin and 
D-N_ Sathyanarayana, Ind. J. Chem., 20A (1981) 57. 
Ckem., 19A (1981) 1215. 

(w) A.N. Singh, Ind. J. 

1526. 
(x) R.S. Srivastava, J. Inorg. Nucl. Ckem., 42 (1980) 

(Y) A-S. Abustileh and H.A. Gcodwin, Aust. J. Ckem., 33 (1980) 2171. 
(2) K- La1 and R-K. Shukla, J. Ind. &em. Sot., 58 (1981) 115. (aa) V.B. Rana, 
D-P. Singh and M.P. Teotia, Trans. Met. Chem. (Weinkeim, Ger.), 6 (1981) 189. 
(bb) J. Terheijden and W.L. Driessen, 
-(1980) 346. 

*Trans. Met. Ckem. (WeCnkeim, Ger.), 5 
(Cc) M-R. Chaurasia, S-K. Sax- and S.D. Khattri, Ind. J. Ckem., 

19A (1981) 741. (dd) B.W. Fitzsimrrms 
(1981) 179. 

and C.A. Yong, Inorg. Chim. Acta, 50 
(-1 R.N. Kapadia, Ind. J. Ckem., 20A (1981) 525. (ff) 

D-G- Batfl, B-M. J%lOyan, E-V. l%pa and Y-Y. Khariw, Koord. Khim., 7 (1981) 
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TABLE1 (oontinued) 

598. (gg) I.A. Pashkenadze, Izv. Akad. iVauk. Gmcz, SSR Ser. Khim., 6 (1980) 
377; [C&m. Abstr., 94 (1981) 2188081. (hh) A.S. Abwhamleh and H.A. Gxxiwh, 
Aust. J. Chem., 34 (1981) 313. (ii) D.S. Rao and M. Ganorkar, J. Ix?. Chem. 
sot., 58 (1981) 217. (jj) G.V. &cldy and D.S. Rao, NatZ. Acad. Sci. Lett., 4 
(1981) 13; [Chum. Abstr., 95 (1981) 1433253. (kk) U. Eslgelhardt, B. Friedrich 
and I. ~irner 2. flaturforsch. (Teii! B), 36 (1981) 761. (11) R.S. Srivastava, 
L.D.S. Yadar,'R.K. Khare and A.K. Srivastava, Ind. J. C&m., 20A (1981) 516. 
(mn) A.K. Rana and J.R. Shah, Ind. J. Chem., 20A (1981) 142, 615, (nn) 
S. Rwman and D.N. Sathyanarayona, Ind. J. &em., 20A (1981) 53. (00) 
A.T. Pilipenko, L-L. Sohevohenko and T.A. Pavlova, IZV. Vyssh. Uchebn. Zavad. 
Khim. Khim. Tekhnoi!., 23 (1980) 939; [&em. Abstr., 93 (1980) 2146621. (PJ?) 
W.L. Driesseu and P.L.A. Everstijn, Inorg. Chim. Aeta, 41 (1980) 179. (M 
B.D. Paudey and D.C. Rupatiwar, Ind. J. Chem., 20A (1981) 197. (rr) A.K. Jain, 
K.D. Jain arid U. Sharma, J. Ind. Chem. Sot., 57 (1980) 965. (ss) A. Uaguireanu 
and M. Mare, Rev. Roum. Chim., 25 (1980) 845. 

ootahedral sites; one has four in-planewaterrmleoules and two axial 

rmdmnoate ions, one bridging and one terminal axial- and one bridging axial 

mthanoate ion [1413. 

FeC12.4HzO reacts with [MS4]'- (M = MO or W) to yield [C1zFe(~-S)2MS2]2- 

whichoontain tetrahedxalhigh-spin iron(I1) oentxes. Askxxturalstudy 

ShawStl-EFC? ---lb distance to be 277.5 pn, comparable to that in nitrogenase. 

SEC-Moaloulations showthe eleotrondensityatrmlybdenumtobe higher than 

that in [MoSrlZ- ardtheeleotrondensityatirontmbalowerthanthatin 

EeCls12-. TheEk+Mdelooalisation ismuoh stronger intheoaseofmolybdenum 

thsn tungsten [142]. The related anion, [C1*Fe(CI-S)nlub(CI-S)2FeC1212- has been 

prepared by heating [Moss12- and MaCN [1431. 

Treatmat of Fe(SOb)..7H20 with [wss12- gives [Fe(&WS2)212-, which 

tiergoes eleotm&emioalreduotionto the corresponding trianion and reacts 

with dmf or pyridine (L) to yield [L#e(S2WS~)~12-. In the presenoeof an 

exoess of L, this anion undergoes the reaotion shown in equation (2) 11441. 

b2Fe (S,ws,) 2 1 2- + (5 - 2) L + uJ,p(s2ws2) I + mS41 2- (2) 

The anion [Fe(S2MoS2)2]3- hasalsobeenobtainedbyreaotionof [Mx%l*'and 

[Fe{(C~H~N)C&]~l Il451. When [FeC%4oSs) 213- istz&edwithNOindmf, 

[(oN)2Fe (S2Mos2)12- is formed. Thetungstensnaloguewasobtainedbytreating 

Fe(c104)2-6H20 and [ws~,]'- in dmf with m [146]. Othecstudiesonooqlexes 

of O- and S-dcnor ligands axe detailed in Table 1. 

2.5.4 Complexes with P-donor Zigands 

The ocmplexes, [Fe&Lz].L (L = cis(ph~pcH=am?h2); X = Cl, L' = MenOO, 
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CH2C12 or CHCl3; X= Rr, L' =MezCD) shcrwabrupttempesature induced spin 

transitions in the range 290-230 K between singlet and quintet ground states. 
A structural study of [FeC12L2].Me2c0 at 295 K (hi&-spin form) and 130 K 
(law-spin form) reveals a dramatic reduction in Fe-P bond lengths of ea. 28 pm 

(aver.) and only a slight reduction in Fe-Cl distances (3 pm) at the lower 

teqerature. Cmparison with solvent-free [PeC12L2] (high-spin at 295 K) 

shows that Crystal packing aad the presence of solvent mlecules in the lattice 

areboth factors determining themagneticpmperties of these-. A 

similar structural study of [PeC1~~(Ph~PCH~CH2PPh2}~] (low-spin) and its 

propanone solvate (high-spin) shms similar behaviour in that the Fe-Cl 

distances are practically identical, whereas the Fe-P distances are 266-271 pan 

in the high-spin form and 223-224 pm in the lo~spin form [148]. 

Iron tetrafluorokxxate reactswithEt~PCH~CH~PEt2 andEt3PCS2 to form 

(45). Furtha reaction of (45) with [BHt+l- yields 

+ 

p-l I / P 

P- 
/ 

Fe -S 

P IA S Et3 

we m2PcH2cH2pEt2 12 &a4 1 
+ 

[1491- Treatment of Fe(BFb)2.6HzO with 

r&~(cx&xt~)~ and CS2 gives (46), containing the zwitterionic 

Be2C~C&pEt2)2CS2 1 ligand, This is the first mle of low-spin 

five-coordinate iron and has distorted -amidal coordinaticm 

g-try r1501. Other studiesoncmplexeswithPdomr ligands aredetail& 

in Table 1. 
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2.5.5 Compkxes with mixed don.oP Zigands 

The binuzlear omplex [LFe2(imid)b][EF4]2 IL = (47)] con- two 

six-coordinate metal atcum, both sited in the equatorial ligand plane; the 

Fe---Fe distance is 3U.7 pm. Variable temperature magnetic data for this 

qlex and its bis(4-lrrethylimidazole) and bis(pyridine) analogues show all to 

exhibitantif errmagmtic exchange. An increase in antif erromgnetic exchange 

was~~for~sesix-coordinate~lexescomparedtotheir 

five-coordinate analogues as a consequence of inproved orbital overlap arising 

from the metal ions being held in the ligand planes. This was not, kmwever, 

realised possibly due to increased ligand field splitting in the six-cxmrdinate 

ccqlexes offsetting any increased antiferromgnetic interactions (1511. 

The qkqUdentate macrocycle, (48), forms both high- and low-spin 

canplexesdepemGngonthenatuxeoftheotherligands, Thus, Eml(MeOH)]+, 
(FeU+, [=I+, m?L(tCs)zl and BwL(MeoH1212+ areallhigh-spin, whereas 

mw+, maL(Ncw+ and weL(L’)12+ (L'=mzN,pyorNH3)arealllowspin. 

Structural studies onthalow-spin CcBLplex, [FeL&)][BFs] and the high-spin 
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03wie~, t~eLCl(bk0~) 1 [trod show tit in the ~O~JTK~T the rnacrocycle adopts a 
"wrap-round" conformation occupying five of the octahedral sites, while in the 
latter, one sulphur atcm is not coordinated and the other is only tily bound 
[152]. 

The cytosine (L) cm@xes, [Fe&]Xp (X = Cl or R-r) are four-coordinate 
with ligand bound thrmqh N(3) and O(2), whereas [FeL4]X2.?77HeO (X = I, No3 or 

CIOr) are six-cxxzdinate, withwater molecules hydrogen-bndedto cytosine 

ligands [153]. The five-coordinate purine complexes, Fe(purH)Cl~.2HzO have 

also been prepared. These areprobablylinearoligcmesswithF~purH-F'e 
bridges and terminal chlorine atoms. The rrost likely binding sites of the 
purines are N(3) and N(9) [154]. Otherstudiesonccmplexeswithmixeddonor 
ligands are detailed in Table 1. 

2.6 IIiDN(II1) 

2.6.1 Cmpkxes with N-donor Zigunds 

The kinetics of the dissociation of [?&~(5-X-phen)3]~+ (X = Cl, Rr or I)'im 
C-100% H2SO4 havebeen studied. Thereisno reactionunlesswateris present 
and these results have been interpreted in tenrs of covalent hydration and 
pseudo-base formation [155]. The smcture of [phenHl[Fe(phen)c141 has .been 
determined [156]. [F'eL3] [Cl0413 IL = (3&z)} is high-spin, while [FE&I [Cl0413 
CL = (38b)] has a 2T2 grcund state and a thwmally accessible 6A1 excited state 

D211. The structure Of the o&ahedralcoqlex 
cis-[FeC12(2,2'-biimidazole)~lCl.H20 has been deterrnimed 11571. 

The thermodynamic and qzectral properties of [FeL313' IL = MeN=CRCR'=NMe; 
R=R'=HorMe; R=H R'=Me , ; RR' = (cH2)1, or cH;?cHMe(cH2)21 inmlten 

AlC13-[pyNEt]Br (2:l) at 25 OC have been determined. This solvent possesses 
the advantageoverorganic solvents thatitis ccqletelyamhydrous andthus 
water-induced ligandcxidationprccesses donottakeplace., ElecWcal 
studies have been made and the Fe3* formisfouridtoberrcrestablethamthe 
Fe2+ form, which is the opposite behaviour to that observed in aqueous solution 
[1581. 

D?e(big)~Cl~lCl {big = H2NC(=NH)NEK(=NH)NH2 and scme aryl derivatives] have 
spin quartet (S = 3/2) ground states [1591. [F&Cl3 (tpt)].1.5H20 amd 
[(FeC12(tpt) ]201-2&O {tpt = (43)) have ken prepared D341- The struch.~~ of 
the iron(II1) c1_oxo dimr formed by the methxy derivative of 
tetrabenzo-[b,f,j,n]-[1,5,9,13]-tetraazacycl ohexadSinehasb?enqYxted. 
Both ligandmolecules are saddle shapedwith themethoxygroups impositions 
cts to each other with respect to the planes of the ligand [1603_ 
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Other ocat@exes of N-donor ligamds are detailed in Table 2. 

2.6.2 Complexes with O-, S- and P-donor ligands 

X-ray studies on aqueous iron(II1) ammnim oxalate provide evidence for 

the presence of distorted octahedral [F~(ox)~]~- ions [161]. Earlier EXAES 

wxk has suggested that aqueous iron(III1 solutions contain the di.m~ 

[(HzO) sFe(OH)zFe(OHz 1~1~‘. Hawever, newEX?SS results are inagreementwith 

X-ray neasuremnts sqgestig no dimfzs are present [162]. The rate of 

exchange of water between [Fe(H20)s]3+ and bulk acidic agueous solution has 

been studied by 170 NMR spectroscopy. The results are consistent with an 

associative mechanisn, whereas a study of [Fe(H20)5(OH)12+ suggest a 

dissociative mchanism. Solutions heated above 110 OC developed a species 

which exchanges water (2-15)x10" times faster than [Fe(H20)613+ and which is 

persistent at rocm temperature for mnths: this is an Fe(II1) oligomer [163] 

A study of the magnetic properties of K5[{Fe3(OH)2)3(S05)60].6H2Ohas 
shown that Felll..-Felll ma-tic coupling uia the bridging sulphate ions is 

mall and the observed antif errmagnetismarisespr&minantly through the 

IFe30j7+ unit. Accmparisonof the antiferrom gnetism in (Fe3017', cFe2014+ 
and {Fe2(OH)2]4+ clusters shows that Fe-Olmnd lengths are of overriding 

importance, F'e-&Fe bond angles being less so [164]. 

The Pbksbauer spectra of [Fel'FelI1 O(Oz=) 6L31 (L = H20 a W) ShmJ 

adsorptions due to Fe If _&d FeIII sites at 17 K, but a single absorption at 

300 K. This allmed an estimation of the magnitude of the thermal barrier to 

electron transfer [1651. [Fe211~10(On~)6(pyl~l.py (M = Mg, Mn, Co, Ni or 

zn) have also been prepared and are isomrphous with the {Fez III II Fe ) complex. 

Themagneticproperties suggest that, inthesecarplexes also, the central0 

atom provides the main supaz-exchange pathway [166]. The cations 
[Fe30L3(H20)3]+ (L = mlonate, succinate, fumarate or phthalate) are polymeric 

with dicarboxylate groups bridging &SO] clusters. These anions display both 

intratrimerard intertrimar @.n-exchange effects. Asnallintertriner 

exchange effect is also suggested in the corresponding ethanoate [167]. 

A study of the mechanism of electrochemical reduction of 

[Fe( &diketonate)s J ccmplexes shcm a reversible one-electron uptake which is 
follawed, in the case of ffacac, by further reduction 11681. Accqarison 

has been made between the electrochemistry of [~cis-~(oC)~Re(~~cO)~~~Fe] and 

[Fe(acac)s 1. The reduction potential of the rheni~containingocpTplexis 

0.63 V more positive than that of [Fe(acac)~ 1, reflecting the higher 

electronegativity of the rheniunrcontaining ligands. 11691. 

A low temperature &sbauer study of [Fe(~~hyldithiocarbamate)3].MzC12 

sh~s an S = 5/2 ground state at low temperature with a crystal field 
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TABLE2 

MiSCeJllaneoU s studies on soms iron(III) conplexes 

ccmpoUnd ColmBlt Ref. 

FeCls.SsNt, preparation described 

[Fe(o6~3)41- preparation described 

Fe(OEle) 2m3 preparation by treatment 

of Fe(NO3)3.9H20 with 

2,2-din-&hoxypropane 

FeIFe(oxalate) 3 I. 4&O preparation and thermal 

deooqosition described 

Corfplexes of oxalate or malonate preparation described 

with bipy or @en 

FeL3 (HL = cr-iodoacetoacetanilide) preparation described 

~cnnplexes of +alkylacetoacetanilides preparation described 

FeL3 (L = 1-phenyl-3-methyl-4- preparation described 

trifluoroacetyl-5-pyrazolone) 

FeL3 (L= methylphenylphosphinate) linearpolynEr 

Fe(OH)L2.8H20 (HL = quercetin-5'- preparation described 

sulphonic acid) 

FeL3.2H20 (HL = 2-hydroxy-3(3-methyl- preparation described 

2-butenyl)-1,4-naphthaquinone) 

FeL(OH) (HzL = 2,2'-oxydibsnzoic [Fe061 coordination o&ahedra 

acid) with bridging OH 

Ccmplexesofmaltol preparation described 

1FeL2(H20)212+ (L = S&ERA-) preparation described 

FeL3 (HL = I-ambc- N-(!%ethyl-1,3,4- preparation described 

thiadiazol-2-yl)benzenesulphonamide) 

Fe(Hpox)(pox)x2, PetHpox)x2lx preparation described 

(HPOX = pyridine-2-aldoxime, X = Cl, 

E!r, I, m3, NCS or OzCB%e) 

Conplexes of syn-phenyl-2-pyridyl preparation described 

ketoxims 

Complexes of 2'-hydroxy-3'-W preparation described 

4-nethoxy-5'-m&hylchalconeoxinE 

[FeL[ClO4] (H2L = Schiff bases preparation described 

formed by N,N'-bis(3-amino~roPyl)- 

piperazine and salicylaldehy& 

derivatives) 

a 

b 

C 

d 

e 

f 

g 
h 

i 

j 

k 

1 

m 

n 

0 

P 

9 

r 

S 
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TABLE 2 (continued) 

ound camnent Ref. 

Conplexes of substituted-1,2,4- preparation described 

tiiazoline-5-thiones 

[FeC13L] (L = a range of N,N'- preparaticm described 

(substituted) formanu 'din-N"- 

(substituted) carhamides and 

thiocarhamides) 

Complexes of iV,N'-&s-1,2- and preparation described 

(1R,2R)-N,N'-trans-l,2-cyclo- 

heqlene-bis(salicylidemamim) 

FeL3 (BL = 2-aminc-4-rmethylthiazole preparation described 

or 2-amino-4-phenylthiazole) 

[FeClL] (HzL = Schiff base forrred preparation described 

by salicylaldehyde and alcoholamines) 

Ccn@exes of 2-fomyl- and preparation described 

2-acetylthiophme thiosemiwhazones 

complexes of 1-salicyl- ti preparation described 

1-phenyl-4-henzylamidothiosemi- 

carhazone 

[FeLCl) (H& = disalicylaldiminc- preparation described 

oxamide,-mlonml 'de or -succi.namide) 

FeL3 (HL = 1-ethyl-3-phenyl- electrochemical study 

triael-oxide) 

[FeL3][No313 (L = 2-py-CH2NHS02Ph or preparation described 

2-fl2=2-2C6hMep) 

Coltplexesof2-amimcyclopentene- preparationdescribed 

l-dithiomrlm~lic acid 

t 

U 

V 

aa 

hb 

cc 

dd 

(a) U. Thewalt, 2. Anorg. AZZg. C&m., 476 (1981) 105. (b) E. Lagzdins, 
I. Pulke and A. Vaivads, Latv. P.S.& Zinut. Akad. Vestis. Kim. Ser., (1980) 
540; [C&m. Abstr., 94 (1981) 242151. (c) C.E. Gomez, R. Iranzo, L.G. Iqez 
and F.J. Galvez, An. Univ. kf~~~ia Cienc. 1974-S (~uhl. 19i'9), 33, 169; [Chem. 
Abstr., 93 (1980) 2149961. (d) T.K. !%nyal and N.N. Das, J. Inorg. N&Z. 
them., 42 (1980) 811. (e) P. Ihcmas, M. Benedix and H. Her&g, 2. Anorg. AZIg. 
Chem., 468 (1980) 213. (f) N. Thankarajan and P. Smemn, J. Ind. Chem. Sot., 
56 (1981) 411. (g) N. Thankarajan and P. Sreemn, rnd. J. Chem., 20A (1981) 
372. (h) E.C. Okafor, 2. flaburforsch. (TeiZ B), 36B (1981) 213. (i) 
C.M. Mikulski, J. Unruh, R. Rabin, F.J. Iaccmnianni, L.L. Pytlewski end 
N.M. Karayannis, Trans. Met. Chem. (Weinheim, Ger.), 6 (1981) 79. (j) 
M. Kopacz armd D. Ncrwak, Zh. Neorg. Khim., 25 (1980) 2692. (k) S.S. Sawhney 
and N. Vohra, Actas Cienc. Indica (Ser.) Chim., 6 (l980) 183; [Chem. Abstr., 
95 (1981) 346141. (1) B.S. James and W.R. Mcwhinnie, i”rans. Met. &em. 
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TABLE2 (continued) 

(Weinheim, Ger.), 6 (1981) 151. (a-t) C. Gerard and R.P. Hugel, J. Chem. i&s. 
(Sl, (1980) 314. (n) M.N. Ansari, M.C. Jain and W.U. Malik, J. Ind. &em. 
sot., 57 (1980) 861. (0) E.N. zedelashvili, A. Shvelashvili and 
D.A. Gorgorishvili, Zh. Neorg. Khim., 25 (1980) 3309. (p) M. mhan, U. Wahid, 
R. Dutt and A-K. Srivastava, Monatsh. Chem., 111 (1980) 1273; M. M&an and 
B.D. Par-, Ind. J. Chem., 19A (1980) 759. (q) M. Mohan and B. Das 
Paranhans, Gazz. Chim. ItaZ., 111 (1981) 35. (t) N.S. Bhave and R.B. Khorat, 
J. Inorg. Nucil. Chem., 42 (1980) 977. (s) H. Kul~ and S. Yamada, BUZZ. Chem. 
Sot. Jpn., 53 (1980) 3218. (t) S.K. Sengupta, S.X. Sahni and R.N. Kapoor, 
Ind. J. Chem., 19A (1980) 703. (u) K.L. Madhok and K.P. Srivastava, Ind. J. 
Chem., 19A (1980) 808. (v) R. Saito and Y. Kidani, Nagoya-Shiritsu Daiguku 
Yakugakubu Kenkyu Nerrrpo, (1980) 89; [Chem. Abstr., 95 (1981) 723491. (w) 
S.K. Srivastava, V-P_ Kudesia and X.H. Kaur, Acta Cienc. Indies (Ser.) Chti., 
6 (1980) 85; [Chem. Abstr., 93 (1980). 2300281. (x) A_ Syamal and K.S. Kale, 
J. Ind. Chem. Sot., 58 (1981) 186. (y) s. w and D.N. Satiyanarayana, 
Ind. J. Chem., 20A (1981) 57. (2) M.C. Jain, RX Sharn?a and P.C. Jain, 
J. Inorg. NucZ. Chem., 42 (1980) 1229. (aa) K.K. Narang and U.S. Yadar, Curr. 
sci., 49 (1980) 852. (bb) R.N. M&herjee and A. Chakravorty, Ind. J. aem., 
20A (1981) 73. (co) E. Uhlig and M. Doering, Z. Chem., 21 (1981) 73. (da) 
S. Wunnan and D.N. Sathyanarayana, Ind. J. Chem., 20A (1981) 53. 

parameter, D, of -2.85 K. This rather large value of D is attributedtothe 

presence of a nearby excited state, probably 2T2g [170]. Further low 

~rature~ssbauerandEPRsDectraofthisccarExxlndshawthat~ 

spin-equilibrium behaviour does not depend on particle size [1711. High-spin 

[Fe(&CNR2)3] conplexes show Fe-S stretching frequencies in the region 205-220 

cm-l nhereas the lowspin analogwas absoxb between 305 and 350 CT?; 

interrwdiate spin c-s absorb in both regions [172]. The previously 

reportedpreparations of spin-crossovermixeddithioc~~~~lexes have 

been re-examined. Inparticular the reactionbetA [Fe(S&NR2)3] and 

[Fe(S2CNR'2) 31 shcw that the conplexes are not substitutionally inert and that 

the product is determined by the relative stabilities and solubilities of the 

aa@exesundergoingnr&atl~?sis_ Itwas concludedthatthe reported 

preparations of [Fe(SXNRz)~(S2CNR'2) I are in error [173]. 

The electrochemical reduction par~ters of [Fe(SCCNR2)3] complexes are 

very similar to those ofdithiooarbawtte analcgues and trends inthe two series 

are alnost identical [1741. MagneticandM&sbauerspect.roscopicdataon 

[Fe(OSCNRz)3] (R = Ma or Et) show the complexes to exhibit 
*T(S = +) =+= 6 At.9 = 5/2) equilibria, although [Fe(OSC%e2)3] can be obtained 

in a Crystdikne for&tthatremains totally high-spindow~ to10 K. The 

anaIogous [Fe @e2CNFt2)31 axtplexes are essentially tissbauer silent, probably 

due to selenium edge absorption or effective y-ray scattering by seleniw [175]. 

!L-¶-E electrochemical behaViour Of [Fe(S&H4R-4)3] (R = H, Me, Mea, P&N or Et2N) 
has also been studied [176]_ 

‘lkamlz Of Fe(BF1,)2_6H2Owith H2S and PEt3 gives [Fe6 (BS-S)~(PE~~)~]~+ 
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containing an octahedral array of {Fe(pEt~)} units with sulphide ligmds triply 

bridging each face (peff = 6.04 b at 291 K) [177]. Other complexes with 

O-donor ligands are detailed in Table 2. 

2.6.3 Complexes wZth micced donor Zigands 

WE conplexes [Fe(5-~SalIIEEn]2] [PFsI, [FeI3-MsO-SalIIeeu) 21 [PFsl and 
[Fe(5-NOn-Salmen) 21 [PFsI (SalmenH = Schiff base formad between 

salicylaldehyde and fl-methylethyl~) have been prepared. The first of 

these is high-spin, and the other tm are low-spin. Allthreepossess the 

same general structure with a distorted o&ahedral {Nz&] donor set. Hover, 

there are fine differences in the structures. Thus, the high-spin ccq~lex has 

FCZ-L bond lengths CCI. 12 pm longer than those of the low-spin species, but the 

differenceisnot unifo?i-m, the Fe-Nbondsvaryingnwre thanthe R?-Obonds 

11783. The spin-crossover behaviour of [Fe(X-Sal&n)2]Y (X-SalEenH = Schiff 

base formed frcm a substituted salicylaldehyde and N-ethyl-en) has been 

examined. Several corqlexes exhibit a gradual, but conplete, crOSsOver in the 

solid state and some show an incmrqlete transition with a plateau in the ~~~~ 

mrs~s temperature curve. However, {Fe(3-MeC+SalEen)2] [PFs] shows a sudden 

crossover within a 2a range at 159 K. A sensitivity of physical properties to 

the exact method of preparation was noted. The role of nucleation and the 

growthmechanismindeterrGningt.he spin-crossoverbahaviourwas Studied. 

Thus grinding sartples ofthe 3-W cm@zxleads to an jnccqlete 

spin-transition and the transition becomes more gradual. These effects are 

generally observed in these complexes, and are rmst likely due to defects 

caused by grinding [179]. The same group have examined other iron(II1) 

corrplexes exhibiting unusual solid state properties. In many cases a 

Boltmann distribution over electronic states is not seen. Mechanical 

grinding of ccqounds which normally show qlete transitions leads to them 

displaying inccqlete transitions and a certain percentage of mlecules remain 

high-spin, even at very low temperatures. Grinding also rrakes the transitions 

more gradual. Eoping iron(II1) ccenplexes has a similar effect. Itappears 

that these effects can be explained by nucleation and growth mchanism of the 

phase transitions in the solids [180]. Structural studies have been performed 

on both high- and low-spin forms of Cs[Fe(tsa)2] (tsaH = salicylaldehydethio 

semicarbazone). Both contain a distorted o&&e&al CS202N2] array and there 

is little difference between the two structures [Ml]. 

[Fe(dithiosalen)l (beff = 1.90 LAP at 295 K) reacts with O2 in pyridine to 

give [~Fe(dithiosalen)]20], tiich arises oia fommkion of a peroxo-bridged 

species. The b-oxo diner is unusualindisplayinganS = 4 spin statewith 

weak antiferrcmagnetic coupling 11821. 
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The purple intermediate formed in the xeactions between D?eII(edta) I’- amI 

[021-r and [Fe'I'(edta)]- and H202, has been examined by resonance Raman 

spectroscopy and four-d to be [FelI1 kdw021-, containing a peroxide ion [183]. 

The kinetics of the reaction of pycidoxal (pl) and pyridoxamine (pm) with 

Fe3+ at pH = 3.0 have been studied and two reactions were obmed, one being 

3to4tinesfasterthantheother. The ternary comlex, [Fe(p) (~1) I+ is 

fomced rapidly prior to slow formation of an iron(II1) Schiff-base complex 

[184]. Other complexes with mixed donor ligands are detailed in Table 2. 

2.7 IwlN(IV) 

Several ccaqlexes 

their magnetic mmnts 

[185]. 

of the type [Fe(Se2CNR2)3][BF+] have been prepared and 

of ea. 3.2 )LB suggest pseud oo&ahe&al 1mspi.n cations 

2.8 INXWC BIOCHEMISTRY OF IRON 

This section is subdivided into the same sections used in last year's 

report 1126al. Again, all studies onporphyrincca@exes are included in this 

section. Oma gemaral publication of considerable relevance to the area is the 

A.C.S. Advances in Chemistry Series, ND. 191 (1980) describing Bicanimetic 

chemistry and readers are referred to the several interesting articles in this 

book. 

2.8.1 CompZexes and enzymes containing iron porphyrins 

An X-ray structural study of [Mb(On)] at 1.6 i resolution has been 

xeported. This work, performed at -12 OC, gives atomic positions to an 

accuracy of 10 pan. The iron atom is 22(3) pm out of the {Nb] plane, 25 pm 

closer to the plane than that in [Mb]. ‘II-e Fe-O distance is 183 pm and the 

Fe&0 angle is 115O. The Fe-N (porphyrin) average distance is 195(6) pm and 
the Fe-N (axial histadime) length is 207(6) lq. The mvements on oxygenation 
are similar to those intheT-Rstate transition in [Hb],butmaller in 

ltElgnitude [1863. 

When [(Fe(TPP))20] is treated with RF, high-spin [FeF(TPP)] is formed. 

The Fe-F distance of 179.2 pn is significantly shorter than those nom-ally 

observed [1871. Similar reactionof the p-oxodimer with theappropriate 

acid. leads to TFe(No3) C~PP)~, [~Fe(TPP)]~(sO~) 1 and ]Fe(SO3R) Cm?)1 (R = Ph or 

4-MeCsH4). The nitrate ccqlexhasthe structure (49) and this is the first 

wle of a bidentate axial ligaud. The sulphateionacts as abridging 
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ligand [1881, Single crystalmgnetic anisotropyrmaasuremen ts in the 80-300 K 

range for [FeX(TPP)l give an orderimg of the zero field splitting parameter 

(0,) of DNcs < DC1 < Z&_ < DI [189]. 1% Nm spec~scopy was used to 

calculate T-electron spin density distributions in the porphyrin ring of 

[FeCl(TT?P)] (1901. 

The conpunds, [FeII(alkyl)(Por)] have been obtained by reaction of 

electrogenerated iron(~) porphyrin ccmqlexes with RX. These undergo 

reversible electrochemical oxidation to iron(III) alkyl coqAexes, tiich are 

lmspin and further to transient iron alkyl species 11911. Reduction of 

[Fe(TPP) (CX) I (X = S or C(GH&l-4)~) gives [Fe(TPP) (CX) I- which undergoes 

disproportionation to [Fe(TPP) (CX)] and [Fk(T!PP) (CX)12-. Treatment of the 

dianions with acid gives the carbene complexes [Fe(TPP) (CHX) I- E1921. 

Reaction between [Fe(TPP)] and CII, gives diamagnetic [(TPP)Fe-C-Fk(TPP)]. 

Treatment of the carbide d-with FeCl3 gives [~eCl(Tpp)I andwithRr2,CRr4 

and [FeBr(TPP) 1 are obtained. Thus the coqlete series, [~Fe(TPP)]nX] (X = C, 

N, 0) is now kmwn [1931. 

The formationof kmmprotein-K0] ccqlexes by reactions ofHb,metHb,Mb, 

metMb, HP0 and cytcchrcme Cwithcobalt-amtainingnitrosylccur@exes has been 

reported. Coqlete stoicheicmetric No transfer occurs from Co(W) (dmg)~.BeOH 

ard EcCl(No)(en) 21[c1041 to Hb andMb, but not to the other hemproteins. 

Emever, [CbWH3)5@31C12 transferred ND to all the hemproteins except 

cytcchroEc. Identical results were obtained with NO gas. Kinetic results 

irdicate the dmgandencorqlexes effectdirect~transfer,while theamine 

con@ex undergoes initial deccqosition to liberate No, which reacts rapidly 

with the hems [194]. EPR spectmsmpy suggests that [l!k(Ex)) (5No~-OEP)l is 
undergoing dimrisation at 9 K, and this has led to an interpretation of the 
hithertounexpl~ SpectrumOfNO-boundRbWh.ichhaSbeentreatedwith 
salicylate [195]. 
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The structure of D?e(CO)(deuteropor) (thf)l has beendetW. The thf 

acts as a very wak ligand and this leads to strengthening of the Fe-CO bond 
{r(Fe-C) = 170.6, r(C-0) = 212.7 ~1. The iron atom is 10 Fpn out of the CNb] 
planetowardsthea3group. Oh the basis of these results, it is suggested 
that tlxa different vm values observed in [Mb(a)] may result from mdulation 
of the iron-histadine binding tram to 03 [196]. AH and AS values have been 
determined for reversible binding of 02 and CO to chelated protohems having an 
axial imidazole ligand which is covalently attached to the porphyrin ligand. 
Values similar to those of high affinity hemoprotetis such as isolated Hb chains 
andRstateHbshowthatsuch mmpounds accuratelymimic thenaturalsystems 
t1971. This chelated protohem has been cmparedwithtwoanaloguesinwhich 
the two vinyl groups are replacedbyeithertwo electron-donating ethyl groups 
or tm electron-withdrawing ethanoyl groups. In this series, neither kinetic 
nor equilibriumconstantdata for CObindingvaries appreciably, but the02 

dissociation rate varies along the series c21-15 < CZH=~H~ < c1-1~03. This 
reflectstheno~polarnatura of the Fe-CDbond and thepolar natureof the 
FeG+c-o d- 

2 bond [198]. 
The active sites of hams proteins are closely surroundedl.bypmteinside 

chains, which provide steric hindrance for entering ligands. It was thought 
that such proteins reduce the a:02 binding ratio to iron by distal side steric 
effects. Howaver, use of the cyclophane hemes, (501, has led to the 

conclusion that this ratio is unaffected by such distal side steric effects 
11991. Others have shown that distal steric hindrance can effect ligand 
binding, but that this effect is manifested only in the ligand association 
rates and has alxnst M effect en the "off" rates [200]. A pocket porphyrin 



ccknplex has been prepared and this mimics the reduced CD affinity of natural 

system, without significantly changing the 02 affinity, much better than do 

the picket-fence porphyrins. unnatural systems the a3 ligandis forced to 
tilt due t0 interactions with the distal residues and this is achieved in the 

pocket porphyrin, aqmredto the linear CO bonding in previous mdels. The 

reaction Path employed is shown in S&ma 3 [2011. 

Face-to-face porphyrin diners have been prePared as a Part of a study of 

the design of binuclear multi-electron redox catalysts for the direct 

f0ur-electron electrochemical reduction of 02 to Hz0 12021. Tmnew 

basket-handle porphyrin-iran complexes have also beenprePared. One 

mntains double face protection and the other double face protection and an 

axial imidazole. Both reversibly bind 02 and Co [203]. 

Macrqmrous imidazole-containing polymers react with iron(II1) porphyrin 

complexes to give polymeric axially ligated complexes. These canbe reduced 

by dithionite to iron(I1) species [2041. Water soluble 

poly-(1-vinyl-2-methylimidazole)-hem conplexes have also been prepared and 

thesebind a&CO. The lifetim of the 02 adduct is ea. 25 min for a 

polymer of molecular weight 3 3 x lo4 [205]. 

Thewater s0lubleompound, a,B,y,S-tetrakis(l-(2-hydmxyethyl)~yrimium- 

4-yl)-porphine has been prepared and the catalytic pmPerties of the iron 

complex in reducing 02 to Hz0 studied [206]. The behavkrur of the imn(III) 

tetrakis-(N-Ethyl-4-pyridyl))porphyrin cation in aqueous solution has also been 

studi&i. F0u~ major species are present, and these are a five-coordinate 

rmnmer, a rmnohydmxyl~~, a dihydmxylmmomer aud a bridged dimex. 

Optically coupled electrochemistry shows all the iron(III) species to be 

reduced to mm-aqw-iron(U) porphyrin, although a diagua species may also be 
formed. These species shoti superoxide dismutation activity [207]. 

Reduction of iron(II1) in bis(histadine)hmin is acampanied by the uptake 

Of One Proton and therefore this acts as a model for the proton-coupled 

reduction of hemPr0lX&ls [2081. The reduction of [Fe(Por) (CN)21- by k&h 

ECo(CN~513- and kSz0412- has been studied [2091. Electrochemicaland~ 
Studies Of [ILFe(TPF)]2N]+ (L = PhNH2 ar substituted pyridines) have been 

reported 12101. 

A study of the temperature dePendence of the sPi.n-states of aqua- and 

hydr0x0-iron(III) heme indicates that while suitable axial ligands give rise to 

spin-equilibria intils, therrmdynamicvalues forhemoproteins aredetemined 

by the interaction of the coordination centre with the pr0teim [Zll]. The 

observed magnetic praperties of unligated iron Porphyrins have been 

reproduced by calculations taking account of all possible amfiguration 
interactions and spin-orbitccqG.ng interactions. Therewasgccdagreemmt 
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z meso-tmtrrkir (3-rrinophenyl) porphyrin 

sm 3. Preparation and reactivity of a pocket porphyrin ccmplex [2011. 
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be- calculated and observed values only when it was assumed that the axial 

ligand field is so weak that dz2 is close to d xy and dT [212]. The electronic 

structure of mm-, di- and tri-atm bridged porphyrin dimers have been 

examined to show how orbital syrmetries and electron counts determine 

geometries and electronic properties [213]. 

Studies on nitrosyl mrqlexes of reduced yeast cytochrme oxidase by EPR 

spectroscopy has allowed the unambiguous assignment of histadine as the axial 

ligand in cytochrome a3 [2141. An examination of potential iron(I1) heme 

imdels for cytochropne a3 in 
a five-coordinate high-spin 

unaltered formyl group ina 

[2151. 

the 02 reducing site of cytochrcma oxidase suggests 

iron centre ligated to a hema containing an 

non-hydrogenbonded envirormantis a g&model 

Reversible spin interwnversion incytochroma b5 in the temperature range 

15-83 "C has been studied. Below 45 “C, oxidised cytochronrs bs is mainly 

low-spin, and this beccmas high-spin above this teqerature [216]. 

Ccqlexes of the type [Fe(pcr)(RzS)] (por = an imidazole-tailed porphyrin), 

[Fe(TPP)'(R2S)2] and [Fe(TPP)(RzS)2]+ serve as mcdels for cytochrame c. Ihey 
havebeen examined by X-ray crystallcgraphy and the main i@ications for 

cytochrcdtEcare: (a) the Fe-S bond lengths inrrethionineligatedhemoproteins 
is expected to be &cut 233 pn and to be rather insensitive to oxidation state 

changes; (b) coordinatelmndlmqths areunlikely tocontribute toEYank-Condon 

barriers to electron transfer; (c) the intrinsic stability of the Fe"'-S bond 

is sufficiently high that a protein conforrration enforced nethionine-iron 

contact need not be invoked [217]. An NMR study of qto&mmac'from 

RhodospiriZZwn mbm suggests that ferriqtochmm c' untigces an acid to 

neutral change in the pH range 5-11, and that the acid form is five-coordinate 

andtheneutral formis six-coordinate. 'Ihis also suggests the sixth ligand 

is an acidic residue [218]. 'H NMR spectra of w c oxidase 

reconstituted with deutero~ IX indicates the presence of hems asymetry 

&&&maybe relevaut to the functionof thisproteinwhich catalyses the 

oxidation of fv c by Hz02 [219]. 

Intensive research continues into elucidation of the mechanism of action 

of cytochrolne P-450. It has been found that [Fe(OEP)L(Op) 1 (L = solvent) 
undergoes reversible one-electron reduction at a potential of -0.24 V (versus 
Ag&Cl) and thattheproductisidenticaltothose frcanthe reactions of the 

iron(I) complex with 02 a0nd the iron(I1) ccanplex tith Oz-. It is not formed 

from the ircn(III) species and [Oz]2-. It is formulated as high-spin 

[Fe(oEp)O~l-, ad is believed to contain the {Fe(Oz)] unit of structure (51). 

The structural unit (51) isbelieved tobethatadopted by the cytcchrcnne 

P-450 ccanplex inrnsdiately after the second one-electron reduction step. When 
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I 
o2 is b~nd in this form, it is a strong T acceptor and this leads to a 
wakening of the M bond prior to either heterolytic or homlytic cleavage 
which, in turn, leads to substrate hydroxylation [220]. ThemKdyrEunic and 

kinetic data has been obtained for reactions Of qtochmm P-450_ 
reconstitutedwithmeso-, deutero-, dibmeutero- anddiacetyl-deutemm. 
Autoxidation of the substrate bound oxygenated species to 
IO,--Fe"' (high spin)] follows the rate law, k[p-450-Fe*+(O~)l [kl, 
pH 7.00-8.50 [221]. Aglutathione-hemin-pyridinemixtureexhibits similar 
opticalandEPRspec!trato +o&roms P-450 in its low-spin iron(II1) state. 
When pyridine is omitted, a high-spin iron(III] species is formed. Addition 
of 03 to the three mnent mixture leads to a characteristic 450 nrn 
absorptionband. This mixture displays hydroxylation, dealkylatia and 
arcinatic methyl migration properties E2221. [Fe(2,3,5,6-CsFkHS] (TPivP]l- 
formsbth02 andCDadducts andthe thermal stability of the formsrismuch 
higher than that of the 02 adduct of [Fe(TPivP]]. On prolonged exposure of 
the thiophenolate complex to OP, [FellI(TPi~P] (SGF4H)l and superoxide ion is 
formsd 12231. 

I~~~(III) protoporphyrin Ix inmrzbilised on a 

polymsthylm&hacrylateirnidazole support shows mixed function oxidase activity 
at a level of abut 3% of that of qb&roms P-450 [224]. When peroxyacid 
replaces 02 in e P-450 mzdiated hydroxylation reactions, the results 
are best accounted for by a rszchanism involving mlytic cleavage of the 0-0 
bond 12251. ReactionPhMe~CC0Hwithcyclohexane inthepresence of 
[FeCl(TPP)] gives cyclohexano 1 (40%) and cycl ohexanone (20%) after 15 min. 
With &GOH ard PhIO, the yields are 20%:12% and 12%:1%, respectively. m 
efficiencies were observed with other metal porphyrin catalysts 12261. others 
have observed alkans hydroxylation and alkens epoxidation activity for PhIO in 
thepresenseofcatalyticatazunts of ironporphyrins and invoke the intermediacy 
of an {Fe0> species [227]. Reaction of PhI0 with aKlmiatic substrates inthe 
presence of tetrakis(pentafl~r~~l)porphyriTlatochloroi(III] leads to 
phenolic products which have structures characteristic of the NIH shift 
reactions shown by natural cytochroms P-450 [2281. Areaction scheme for 
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infrared band in the region 1270-1293 m-l is reported ti be bdicative of the 

presence of pmphyrin radial cations in ~tallaporphyr~ 12361. oxidation 

potentials for D?eXGcr)l ~havebeen~suredinasystmaticwayamd 

have teen found to be insensitive tc X, but to .fcllm the q9ected trends for 

variation of substituents on the porphyrin ring. This is also amsistent with 

oxidation of the porphyrin rather than at the metal 12371. Chemical oxidation 

of [FeCl(T!PP)J with [phemxathiinlBbCl6] (a cation radical salt) in dry CH2Cl2 

also leads to [FeC1(TPP)][sbc16] which contains a high-spin iron(III)-radical 

cation configuration, rather than i_mn(IV) 12381. 

Fxtended HKI calculations have beeu presented for HP0 cmpcJuud II, HP0 

-1, catalYse canpol;md I and chlorcpercxidase ampound I. TheHKI 

cmpcuud II species is described in terms of an {Fern(D) configuraticm and all 

oanpound I species are described as cferryl-porphyrin ~-radical cation] units. 

EES data support t&se descriptions 12391. 

[C102]- is a potential fom-e lectron-oxidant and its reactionwith 

iron(III)-deuteropcrphyrin IX ccmplexes has been studied as a n-ode1 for 

peroxidase behaviour. Thereactions resultiuthe formationofoueormcre 

intermdiates, ccntainimg iron inoxidation states greater than 3,whichplay 

acentralrole in (percxidatic) catalytic activity. At _pH 6.5-7.0, t@ 

apparent rmlar equivalency af [0bzm~)Fe~~~l:ClO2- is ca.> 4:1, but this ratio, 

as wall as the rate of intermadiate fomation, cIecrt=aSeS With increaSing 

basicity. The apparent stcicheicmatryatthelowarpHcorresp0ndsto a 

one-electron oxidation of each of fcur [(hem)imn(III)l units to iron( 

with [C1021- being converted to chloride. This suggests an intemsdiate state 

aualcgcustoperoxidaseccqmndI~. Herm oxidaticn by [ClO]- is markedly 

faster than that by Cclo21-, which suggests the possibility that hypechlorite 

is areactive iutermdiate. Absorption sp=ctraof the intermediate are the 

same as these obtained by hms oxidation with peroorybenzoic acids 12403. 

Ina study of the hemeprcsthetic groups iunitriteand sulphite 

reductases, au msive series of imn (II) and -(III) hydrcporphyrin cmplexes 

havebeenprepared. These include [Fe(P)Ll, [Fe(P)Lt'ln+ (n = 0 or l), 
1IFe(P)]201 aud [Fe(P)] {P = octaethylchlorin (OEC) or 

cctaethylisobactericchlorin (OEiPC) 1. The synthetic methods for the canplexes 

are similar to these forccqlexes 0fOEP and smeoftheOEiaCcaqlexes are 

possible reductase aualogues [241]. 

2.8.2 Cytochrome oxidase and Fe-Cu-containing mode2 comparnds 

Studies~rrpdels~~~~~~es~yincytochrrmneo~~~ 

beendiscussed inthaprevious section. Herejm, amsideratim.is given tc 
bane-copper interactions. 
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A spectroscopic study of the reaction of rm?Ifbrane lzxxmd mixed vaknce 

sta* e oxidase (CuA2+a3+_cuB+as2+) with oxygen Suggests the formation 

of a %-(Oz-)-Fe(as) bridge [242]. An EXAFS examination of the copper sites 
in e c oxidase has led to the suggestion of S- and N- (or O-) 

coordination b(Cu-S,v) = 227, r0.~N(O)~v) = 197 pn] with 1 to 1.5 S atoms and 

2nrorOatcmperCh. The distributionof S betmen CuAandcUg sites is not 

krmm, although there is some evidenceOf ts.mS atcansbcundtoCuA 12431. The 
reactions of iron tetrakis(Z-nimtinami&@enyl~porphyrin shown in scheme 5 

have been reported 12441. 

electrolysis or 

scImm 5. Sams reactions of the ircin tetrakis(2-rI@tj)mhYrin 

system. 
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Thehemea+X*+ site is thought to be strongly antife rromagnetically 

coupled ard the compounds [Fe(pOrl-X+lVi~l [C10412 (X = Cl, Br or CN) in S&em 5 

shm unusualtmperatured_ ependences of tkix rEqnetic lKm?nts. Forx = Cl 

and Br, these are interpretedas equilibriabe- Fe 
III (S = 5/2) and EP 

(S = 3/2); for the cyanide, Fe"' (S = 1) and Cu I1 (S = f) [245]. 

The stra@porphyrti, (W, foma E'e(por)Cl], E'ePor)OHl, PeO?or)CNI 

and [{Fe(Por))20], and reaction with copper(X) salts leads to products such as 

[Fe(Por)-OH*(NS2)OHl IClO41. HW+?eVX,lXCUXOf these showthe spin-coupling 

bethrxmFeandCuobsemnzdFnthenaturalsystekn [246]. W?e(fsaR)Cl.nH20 

{HqfsaR = B,N'-bis(3-carboxysalicylidene)alkanediamrines} shm strmg 

antiferxcanagnetic cmpl*, the exchange integrals of ea. 50 cm-' being the 

largest so far: reported for cU1l-Felll systems (2471. Thestructure of 

CuF'e{(fsa)~en)Cl.H~O.M&H &(fsa)pen = N,N'-bis(2-hydroxy-3-carboqbenzylidene) 

ethylmediamine} has been reported 12481. 

AdditionofCu+ tosodiumdodecylsulphate solubilised ferrihems cmtaining 

alkenic substratesgives spectralperturbationsdiagnostic of Cu'-alkme 

vcmplexes [2491. 

2.8. J Rubredotin, ferredoxin and Fe-MO-S cZu.step compounds 

The ircn(II1) cmqlexes of Z-Cys-Ala-Ala-C$s(@k) and Z-Ala-QsWe) show 

CD,mp~EPR~averysimilar~~~~cmidisedhlbredaxin . 

tetrapeptide complexpmbablyhas a relatively stable chelate structurewitha 

"hairpin turn" configuration of t.kx~ ligand [2501. 

We(SPh) s12- and [Fe(S*C402) 21*- have been exam&Ed as models for the 

active site of reducedrubr~. Bothanicmshaveadistorted t&rah&al 

structure, thedistortims arising frcmort?aophenylhydmg~-sulphurand-ti 
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interactionsin the former, andsteric constraints of the lig& in the latter. 

on the basis of tha observed magnetic and spsctroscopic data, [Ek(SPh)r12- is 

thoughttobea good soda1 12511. 

An X-ray structural study of the [2Ek-2S] ferredoxin of SpiruZCna pZatensis 

at 2.5 i resolution has been repxted 12521. 

The high and low p&errtial Fe-S centres of Azotobacter vineZandii ha* been 

emminedbyMksbauerspectrosoopy. The high potential centre is an &e&) 

cluster, and the other is believed to contain a three iron cluster [2531. This 

has beenconfkrrtsdbya structuralstudywhich shows the peptide chain to 
consist of an N-terminal core of residues 1 to 50 which forms {Fe-S] cluster 

binding sites and a C-term&l chain of residues 51 to 107 which wraps around 

the core. The {Fe&} cluster is bound to cysteines-24, 39, 42 and 45 and the 

{Fe$s] unit is ligated to cysteines-8, 11, 16, 20 and 49 and to a sixth ligand 

which is either a glutamic acid residue or an exogenous small molecule [254]. 

Ferredoxin II fran DesuZfovibrio gigas is a tetramric protein also containing 

an {FeySs] cluster. Lowtmp~~atureMCD spectraofboththeoxidisedand 

reduced form havebeenexamimd. Roth areparamagnetic, althoughonlythe 
oxidised formslmwsanEPRsignal. TheMCD spectra are consistentwithground 

states Of S = f and 2 for the oxidised and reduced forms respectively 12551. 

In an examination of the reaction seguence lead&q to [Fe~S~(SR)412- 

anions, Helmet al. have found thatreactionof [PhSl-,FeCls a& sulphur 

(3.5:1:1) produces [Fes(SPh)l,,]2- as the only identifiable internediate. With 
a reactant ratio of % 5:1:1, [Fe(SPh)sJ2- is formdandthereactionsproceed 
as outlined in Schea~ 6 [256]. RsactionofFeC13withLi2Sand~sin 

SkHD4E 6. mmtim of [Fe4 (SR) lo] 4- (R = Ph) C2561. 



157 

methanol also gives Ee4S4GCW3)412d, but in the presence of LiDM, the 

we6S9 (s(Me3) 21 ‘- anion is also formed. %i.s has the structure (53) [2571. 

FM% 

VFe S 

The structure of [Fe4S4(SCH&H&H)4]2- has been determined and it contains 

adistorted {Fe4S4) cubewith four approxim&elyparallelRe-Sbondstiich are 

shorter (223.9 ~1 than the other eight (230.6 pnl. Both tie '%ZbBfR spem 
of this anion and the ERR spectrmof theanalogous tA.anionhavekeenreported 

12581. Structural characterisation of [Fe4S4{S2C2((T3)2}412- has also been 

reported. Inthiscase,eachironatomadaptsacaord~~ong~trythatis 

best described as almst square pyramidal [259]. 

Rcthoxidisedandreduced forms of HiPIP from Chromtim v-inosm have 
beenreducedby hydratedelectrons formdbythepiLse radiolysisofwaterto 

fom super-reduced HipIP, which has spectral characteristics close to those of 

B’e4S4 (SRI 41 3- P601. The reaction of clostridial 8Fe-8s fexre&x in inits 

nomU oxidised resting state with three inorganic oxidants.has been 

investigated. With [IrC1612-, a fast reaction is obsemed which is ccqlete 

in 20 s. The reactions with manganese-1,2-diamimcyclohexanetetraacetate and 

@em)613- are slu&r. The praduct is not reduced by [S20412- amI &ts W 

spectnrmdoesnotresemblethatofnonualoxidisedHiPLP. This excludes an 

interpretation of the results in terms of a third ox.idat&m state of the 

protein [261]. The reduction of [MrKZl(Tw)] by [Fe4S4(SPr)4] has also been 

studied 12621. An examination of the interaction of tm HiPIP moieties with 
mitcchcndrial cyb&xmec sounds a ncate of cautiononthe examinaticnof ti 
lmdelsystems. fJn the basis of kinetics, itams that interactions are 

nvre amplex i&ark those of ncn-physiological reactants. E!vident~y specific 
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sitesonboththeHipIpandthe cytochrnme mdiateelect.rontransfer. No 

long-lived ax@axes were observsd [263]. 

LYW temperature KD spectra of {Fe&) clusters from both Chrmatim and 

CZostridium pastewianum have shun the tm different oxidation levels are 

quite distinctive and this technique shouldprovide ameansofdistinguishing 

be&man the two [264]. Aspectmscopic examinationhas demnstratedlccalised 

oxidation states iT1lmth Fd red and [Fe4S4(S2-2-~ly1)2]~- and thus this behaviour 

is nctnecessarilya consequence of the protein structure [265]. 

The binary mixtures tE’w% (SRI 41 2-/ D’eS% (SRI d2*, 

[Fe4S4(SR)4]2-/[Fe4Se4(SR)412- and [F&S4 (SR) 41 3-/ [Fe&e4 (SRI 41 3-a11showc!cre 

sulphur-selenium exchange to give equilibrium or near equilibria distributions 

[Fe2S2_nSen(SR)412- and Pe4S4_nSe,(SR)4]* (3 = 2 or 3) [266]. 

Reaction of [bbS4]2- with [Fe4S4(SChk3)4J2- gives (54). !J!his anion 

undergoes a reversible one-electran reduction at 0.97 V followed by a 

mlti-electrcn irreversible reduction at 1.6 V. The IFeS&&] units of the 

clusterarek~ti~yinertto~hSH_Et3Nand~nreactiondoesoccur,itis 

the D'e&+] core that is disrupted, the reaction product being 

E'~PID(LPL-S)~F~(SP~)~I~- 12671. 

I+hen D4J2Fe7Ss(Sw12 13- (M = b&I Or N) iS treated With 3,6-RQ-C6H2(OH)> 
(cat) and EX3N in MeCN, (55) is formed. Further reactionof this anionwith 

pw6H+SH yields [M)&S4(SR)3(cat) (m6H4Me)12- 01: arelatedhridged species 

12681. Th3 temperature dqendmce of the rmgnetic mmsnts of 

[Fe6M&(='h)6((3Me)313- (M = MD or W) betwen 1.8 and 300 K in applied fields 
of 0.125-2.0 T suggests antiferrcxm gneticmuplingbetwzenironatxmsintk 
sm-e bE'e31 cube [269]. Theprevious reportthatthetmone-electrm 
reduction steps of ~F~&zQS~(SR)~]~- are reversible, while those of the 

~tenandLogueareirreversiblehasmwbeenmrre&ed. Reversibility is 
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observed for bothmetals 12701. Fmductionofethynetoe+Aenecatalysedby 

both Ee4S4(SPh)412- and (=6~2S9(SPh)813- has been reported (2711. 

Other studies on sirnplerm-MFS system aredetailed in Section 2.5.3. 

2.8.4 Iron storage and transport 

Astudyhas&enmdeofthenmzhanismof irondepositioninapoferritin. 

T¶m reaction involves oxidationof iron(I1) catalysedbytheprotein~ith0~ 

acting as the electron acceptor, followd by hydrolysis and deposition of 

FeO(OH) intO the protein shell. It is suggested that irm(I3) binds to 

catalytic sites situatedadjacentto the peptide chains and that02 thm 

bridges tm iron atcxns. Intrzm?Dlecularel~ontiansfer:leadsto 
&"I_(0 z-),&II 2 units. Further iron(I1) thendisplacesthepxoxide, 

allcming hydrolysis of the iron(ZI1) and migration into the shell (2721. 

Ithasbeenfound~tthereisrosignifi~t~~~ferf~ 

transferrinto ferritin intheabsenceof reducingorchelatingagents. 

Additionofpyraphosphatecan,~~,mediatethistransferand~~l~s 

iron(III) . An imnwrophosphate oniplexhasbeenisolated (2731. The 

kinetics of ix-cm release from ferritin by catecholamides has also been studied. 

Wbilisation by cateclmlamide is very slow, but the rate increases in the 

preseme of added ascorbic acid. The data suggest a titistep process which 

includesdiffusionof a reductant into the ferritincore, reductiontoand 

possible chelation of iron( diffusion out of the protein shell and 

subseqwntexchamgewiththec&echolamide (2741, AnelectmAmicalstudy 
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of ferritin has also been Published [275]. 

mgineic acid (561, a Possible phytosideropfiore, is excreted fm the roots 

of barley and appears to play an inportant role in ixon absorption in regions of 

iron deficiency such as Wine soils. The high-spin -(II) cmplex has a 

log k value of 18.1 and is reduced by dithionite to an imn(111 cmplex. An 

X-ray crystallographic examination of the cobalt(II1) analcxjue skius cctahedral 
cxxirdjllation with If?,, iv2, O1 andO occupying the equatorial plane armdO* and 

O3 in qial sites [276]. 

As part of a search for effective imn sfquestering agents for use in 

casesof chronic ix-onoverload, ithasbeenfoundthatthe sulphonated 

tricatecholates, (57)-(601, fom exceptionally stable iron(III) cccplexes 

(log K = 40). Protonation of these complexes results in a shift of 

ooordination fmmthet~phenolic groups to amde involvingonepbsnolic 

groupa~ldone~amidecarbonylgroup,the~p~licgroupbeingprotonated 

[277]. 

The properties of entembact inhavebeEmdiscuosedinternlsofthe 

behaviour:of FeCl3 cxapl~s of phenol, catecbol, 2,3-dihydroqbz1zaldehyde, 

2,3-dihydroxyb&zoic acid ti salicylic acid [2781. 

Ironexchange,andrmma lfrcxnthetmtrihydrrxama te sidempbxes, 

ferriaxamineBandferri~A,fKmmicrobidLcultultes,hasbeenexamined. 

E%zhmgei.s extrs4nsly slowand iron remvalbyedta followsa two steppqxess 

involvingp~~tonationof the siderophore and subsequentreactionwithedta 

12791. 

2.8.5 MisceZZaneous studies 

Theproperties of the kemi-mt)o formof hemeryulr~P~csdby 
one-electronoxidationof deoxyhemerythrinandthe(serWat]Rfompmz&lcedby 
one-electmnreductionofms themRlrythrinhavebeendescri.bed. Eoth forms 
react with F-, Br-, [SC&J]-, [CN]- aud [Ns]- to give a Wsni-m&)-anion adduct. 

'J+rateof,dis~ropxtionationof the tm (semi-pt) farms has beenreported 
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and the role of 02, [Fe (CN) 61 3- and [S20t+12- in such t?sZtions delineated. 

The prccess was discussed in terms of the octareric structure of the protein 

and itwas concluaedthatdisproportionationresults fran intermolecular 

electron transfer over distances of 28-30 i betwen each binuclear iron unit 

[280]. 

Bleixrtycin has anti-tumur activityandis capableofhreakingDNAstrands. 

It birds imn(I1) to give an oxygen-sensitive carplex, Reactionsofthe 

blecmycin mdel, (61), have been studied with the aim of designing siqle 

ligands that mdel the action of blecxnycin. 

cor@exhasbeenpreparedandoi,cOandcmt 

Thus, a high-spin iron (II) 

adductsofthisccelplexcanbe 
TT 

formed. Spectra closely resemble those of [(blecmycin)Fe"l and its 
derivatives. zheC0adductislm-spin. Spin-trappingexperimentsrevealed 

the generation of hydroql radicals from the 02 adduct [281]. 

1611 

Protomtechuate-2,3-dioxygenase and catechol-2,3-dioxygenase are high-spin 

iron(III)-amtaining enzymes which catalyse ox&dative cleavage of catechols to 

cis,cis-mxzonic acids. It has keen suggested that imn(II1) is initially 

bound to iron( and this binds oxygen, but previous tissbauer specrtroscopic 

studies have indicated that iron(II1) is present throughout, and this led to 

the suggestion of the formation of an iron(III)-catechol co@ex kich activates 

02 giving a sendqu~~ and 1021- or [Ho21. Onthisbasis,ithasbeenslmm 

that [Fe(salen)(DE3catH)l reacts with 0~ to give [Fe(salen)(DES~)l (DEkatH = 

ditertiarybutylcatechol, DBSQ = ditertiarybutylsemk@uone). Furtherm;rre, it 
is suggested that the DBcatHismtchelated, but is unidentate in contrast to 
resonance RaTmn studiesmthedi oxygenase [2821. 
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