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This review follorvs broadly the same format as that covering 1979 xvhich was 

published in Vol. 35 of this journal. The literature coverage continues fran 

here that for 1979 ceased. Thus xork cited in Chemical Abstracts Vol. 91 

(Nos. 21-26), Vol. 92 and Vol. 93 (Nos. l-18) is rev&v&. Hoxever, parers 

published in J. Am. Chen. Sot., Inorg. Chem., J. Chen. SC., Dalton Trans., J. 

than. sot., cban. cumlun., andJ. Organanet. Ghan., have been covered up to the 

end of 1980. 

The division of the review reflects current interest in iron chemistry. Thus 

there xwnains a considerable interest in carbonyl and related low valent canplexes 

and the interest in the biological r&e of iron continues to gru.v. Then&r 
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of publications concerning classical coordination and inorganic chemistry of 

iron appears to be decreasing although, amongst those published, there xemins 

sane interesting new findings. Of particular interest are a snail nu&er of 

verydetailecstucliesof spinequilibriaiuironcanplexes, andtheseare 

gathered together in Section 1.8. 

1.1 CAREImm,THICCARBoNyL, IsCNITRITEANDRELATgDcoMpLExEs 

Undoubtedly the nest novel publications in this area are those concerning 

the isonitrile analogues of pentacarbonyliron(O), [Fe(ClW5]. Stone and 

coworkers have presented full details of such canplexes, prepared by reduction 

of F&r2 in the presence of excess RNC (R = CMea, CHMe2, Et or 2,6_MezGHs). A 

structural study has shown the geometry of [Fe(CNCA&)~] to deviate fm an 

idealised trigonal bipyramid, and that the equatorial ligands are non-linear 

<c-%-C = 135O). Reaction with FPh3 yields [Fe(CNlQ5(PPh3)], and isonitrile 

metathesis has also been effected (equation 1). [Fe(CNCb&)~] can also be 

[Fe(CNgt)S] + 2RNC- [Fe(Wt)3(QW21 + mm (1) 

(R = 2.6~Me2Cgli3) 

protonated by H[RF,] or the metal hydrides [MnH(CO)5] and [osHz(CO>,] [l]. 

Reaction of [Fe(CO)s] with xylylisonitrile (XyNC) in the presence-of 

catalytic amuhts of transition metal salts yields [Fe(CC)r(CNXy)] in greater 

than 90% yield at 45 OC whereas, in the absence of such catalysts, the yield 

is less than 5%. In benzene under reflux, [Fe(CO)a(CNXy)2], [Fe(CO)2(UVXy)3], 

[Fe(cO)(CXiXy)4] and [Fe(CNXy)5] are obtained. 'Ibe mechanistic sequence shown 

in Scheme I is advanced for the reaction catalysed by C&12.2&0 [2]. 

SCHE&lE I: The proposed mechanisn for the formation of [Fe(CO),(FNC)]; 
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The first stable thiocarbonyl derivation of [Fe(CO)s] has been Prepared by 

treating [Fe(CO)2cP(~h)3)2(cS2)] with PHus. In CHCl3 or C6H6, replacement of 

coordinated phosphite by the phosphine occurs, but in CCL,, the phosphine does 

play sane tile in desulphurisation giving low yields of [Fe(CO)~{P(OPh)3)2(C)]_ 

This canplex adopts the expected trigonal-bipyramidal structure with phosphite 

ligands in the axial sites [3]_ 

[FeHr(CO)2(cp)] also reacts with a wide range of isonitriles to foxm 

[FeHr(CNR)~(cp)] and, in the presence of excess isonitrile, [Fe(CNR)s(cp)] . 

When [Fe(CO)p(thf)(cp)]+ is employed, [Fe(CO>3_n(UVR>n(cp>I+ (n = 1 or 2) are 

formed. [FeHr((NR)a(cp)] undergoes a one electron oxidation reaction, the 

product isolated being [Fe(C?JR),(cp)]+, although as many as six intermediates 

could be seen by NMR spectroscopy, atmng which may be rFe((NR)2(bkzCO)(cp)]+ 

and ~(cp)(EFilC)~Fe(~-Hr)Fe(~)2(cp)]+. In ethanenitrile, [Fe(CNR)2(MeCN)(cp)]+ 

is famed 143. Photolysis of [Fe(CO)(CN&)2(cp)]+ in the presence of an excess 

of the ligands L leads to [Fe(C?JMe)zL(cp)]+ (L = PPhs, AsPhl, SbPhp. py. M&N 

or GH,,). Similar reactions of [Fe(CO)2(NCMe)(cp)]+ led to sequential displace- 

ment of both CO ligands in all cases except ethene. There was no evidence for 

replacement of the isonitrile ligand, and no evidence for thermally induced 

substitution in either cation. In the absence of light the sequence shown in 

equation 2 is observed (L = MeCN or py) [5]. 

[Fe(cNMe)L2 (cp> I’ - be((Nble)&(cp)l+ -b’e(mk>3(cp)l+ (2) 

An X-ray crystallographic study of [Fe~(CO)~(~5-C#e~)~] has confirmed the 

expected similarity to the cp analogue (r(FeFe) = 256.0 pa), the main 

difference being that, unlike the cp canpound, there are no significant 

variations in the C-C bond lengths of the CSMeS rings. This may have a bearing 

on the different catalytic properties exhibited by the m cmplexes 163. The 

structure of [(cp)(OC)Fe(u~O)(u-CS)Fe(CO)(cp)] has also been reported. The 

bridging thiocarbonyl group has an elongated C-S bond of 160 pm. The Fe-Fe 

distance of 250.5 pn is to be canpared with 253.1 and 248.2 pn for the (u-CO), 

and (u_cS)~ analogues respectively. The cp ligands are mtually cis 173. A 

UVPFS study of the electronic structure of [Fe2(CO>,(cp)2], supported by ab 

initio M3 calculations, has been published [8]. 

b=~K’O)3((NR)(cp)~~ CR = Me, Et, (NMe2, C&k3 or Ph) have been shown to exist 

as iscmeric mixtures in solution containing both texminal and bridging RNC fom 

andtobe fluxional. The bridge-texmiual exchange process follows the Adams- 

Cotton mckmiam involving syuchronous opening and closing of bridges. Proton- 

ation and elation of the complexes lead to [Fen(C0)3(CNRR')(cp)2]+ (R' = H, 

b&z or CHMe2) [9]. 

Evidence bas been presented for two different primary photoproducts fran the 
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photolysis of [Fez(CO)s(cp)2,]. These arise by CO loss to give CFen(CO)S(cp)z] 

(quantum yield -0.05) and by dimer hanolysis to yield [I?e(CO)z(cp)] (quantum 

yield -0.23). Roth intermediates react with Ccl% to give [FeCl(CO)~(cp)] ZGI~ 

the former reacts with PPh3 via a second intemedinte to form [Fe2(CO)B(PPh3)(cp)2]. 

The second intemediate is thought to be an iscmeric form of the phosphine- 

containing product which is believed to contain a (u&ZO)2 unit but no Fe-Fe 

band [IO]. 

[Fe2(CO),(cp>,] also reacts with E&F3 to yield either [EFe(CO)~(cp)1SbF]+ 

or [~Fe(CO)~(cp)~~swsb(Fe(CO)~(cp)~B]2~, which wre isolated as [SbFb]-, [E%zF~]- 

or [Sb5F17]- salts. The latter cation reacts with iodine to fom 

CCFe(CO)2(cp))3sbI]CI~], whereas with ~~s~CFF?(CO)~(C~)~~~~~]~ASF~] is formed, 

ivhich on treatment with water and afcohols gives the cations tCFe(CO>2(cp)}2As(C)*]*, 

Cf~e(CO)1(cP))2AS(Ol\le)21f and I~Fe(CO)2(cp))2AsF(QEt)l+. Ee2(CO)s(cp)z] also 

reacts with R&sX to give [IFe(CO)2(cp)32AsRz]+, and with RAsX2 to give 

ICFe(CO)zCcp))2As(R)X]+ i%]. 

The cations [Fe(CO)zL(cp)]* (L = aldehyde, ketone, ester or amide) have been 

prepared by the reaction of [Fe~(CO)b(cp)2] or [FeBr(C0)2(cp)] with Ag[PFs] in 

the presence of L, or by ligand exchange with [Fe(CO)~(cp)(isobutylene)]~. In 

all cases coordination to the metal is by cs donation frm the ketonic carbonyl, 

rather than by 7~ coordination of this group [12]. With 2,3-diazenorbornene, 

[Fe2(CO),(cp)~] undergoes the reactions shown in Schrmr II [13]. 

[Fe2 f 

EZCHEME II: Reaction of [Fez(CO)4(cp)2] with 2,34iazanorbornene. 

Interest in the generation of metal carbonyl radical cations and anions 

continues to grow. A m study Of @e(co)aLz] (L = PPh,, A&%3, %‘%d?hz., p(-2)3, 

or P(GPh)3; LP = Ph~P(~2)~~h~ (n = 1 or 2)) shms the cmplrjxes to undergo 

one-electron oxidation. The rsdica~ cations may also be generated ChemlozlIy by 

use of either Ag+ or~(Br-4-C&+)3N]+, and react with halogens, X2, to give 
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[FeX(CO) AZ I+, whereas with halide ions, X, [Fe(CO)sLz] and [FeX2(C0)4_+Ln] are 

formed. The radical cation, [Fe(C0)3(PPhx)2]+- also undergoes scxme novel radical- 

radical reactions and redox reactions with pat-amagnetic and diamagnetic ligands. 

With NO, there is quantitative formation of [Fe(CO)2(NO)(PPh,>2]+, whereas with 

NO2 ~~r,trans-[Fe(NOz)(C0)3(PPha)z]+ is produced. On heating the latter, COZ 

is evolved and the nitrosyl cation formed. Reaction with AIezRC(S)SSC(S>NAlet (a 

source of b!ezNCSz. radicals) gives [Fe(CO)~(PPh~)2(S&'NAle2)]+, !\hereas with 

[A&NC%]-, a mixture of this cation and [Fe(CO)x(PPh,)2] is obtained 1141. 

Polarographic reduction of rFe(CO)s_rL,L(cp)]+ (L = PPh3, n = 1 or 2; L = AleNC, 

n = 1, 2 or 3) shum increasingly anodic one-electron reduction waves as CO is 

successively replaced by L: this effect is greater for AfeiW than PPh3. The19- 

electron reduced species lose a molecule of the ligand L, dimrise or decmpose 

[IS]. An RPR study has been made of [Fe3(CO)12_nLn] (L = CO, P(OR)a, or PR:,), 

[FenRu(C0)12], [FeRun(C0),2], rRu3(CO)u I and [OsJ(CO)12 1 !\hich have been reduced 
either chemically or electrochemically, or photolysed; the corresponding radical 

anions were characterised at low temperatures. However, iron-containing radical 

anions readily undergo what are believed to be disproportionation reactions to 

yield iron( iron and iron(-II) species via the dianions [Fe,(CO)12_)1Ln]2-. 

Solutions of [Fe2(CO)s] in thf, on reduction, give the same EPR spectrum as that 

fran [Fea(CO)12]r and this arises fran [Fe3(CO)L2 I*, which can be produced in 

thf solutions of both [Fez(CO)g] and [Fes(CO)u], even in the absence of added 

reducing agents [16]. The photo-dissociation spectrum accompanying conversion 

of [Fe(CO>s]f to [Fe(CO)2]- has been reported [I?']. 

A structural study of [Fe(CO)b(PPh3)] shows the phosphine ligand to occupy an 

axial site in the distorted trigonal bipyramidal coordination sphere [18]. 

Photolysis of ~rmrs-[Fe(CO>;{P(OAr)3)?] (Ar = Ph or 2- .or 4-AkC&,) leads to loss 

of CO and the formation of red products which cannot be isolated, but i%hich 

react with donor ligands, L, to form [Fe(CO)21P(OAr)3}rL] (L = CO, PR-J, P(OR)3, 

CNR, CSZ, SOr, tcne or R2C2) and with addends, XY, to yield [Fe(CO)rcP(Wr)3}2(X)Y] 

(W = HZ, Dz, HCl or SnCl,,). With Ccl,,, red intermediates are formed which 

subsequently yield [Fe(CO)2(P(OAr)~)2C12] and [Fe(CO)t(P(OAr)~jC1], the latter 

containing a metallated ligand. The red intermediates are believed to be the 

metallated hydrides, [Fe{P(OC6H,X)(0_~)21{P(OAr)31(CO)~H] (X = H or Me) [19]. 

The ligand PPh2(CHzSiAk~) reacts with [Fe3(CO)lr] to give [Fe(CO).{pPhz(cH2SU~,)~] 

and AsPhz(CH~SiAk3) reacts with [Fer(CO>9] to yield [Fe(C0)4UsPhr(CR&iiAk3)1] 1201. 

[Fe(C0)3(q'L-cot)] reacts with 2,ll-bis(diphenylphosphincmethyl)benzo[c]phenanthrene, 

PP, to yield [Fe(CO)3(PP)] 1213. [Fe(CO)3(PhPHPPhr)], [(OC)rFe(P(H)PhP(H)Ph)Fe(C0)41 

and [Fe(CO),iPPh@Ph)2)] have also been reported. The last of these shows NAiR 

evidence for coordinative migration of the metal atan from the medial to the terminal 

phosphorus atan [22]. 

The secondary phosphine canplex, [Fe(CO)+(PPhtH)l, reacts with [Rh2C12(CO)b] to 



give a rider of products, one of which has been characterised by X-ray 

crystallography as (1). In this canpound the Fe atan and F&I' and IU? have 

(CO) 3 

/.YFe\ 0 

(oc)Rh”c’Fth~ (CO) 

\\ A 
P-Rh3-P 

(CO) 

0 

(OC)Fth/p\~~c’Fe(CO) -- 

q/&y 
e% 

3 
0 

(1; P=PPhz) (2; P'PPh2). 

lS-electron configurations, while Rh3 is 16-electron, a difference which is 

reflected in the various Rh-P bond lengths. In solution, (1) rearranges to 

(2), which, in turn, reacts with CO to form [Sh2(CO)2(PPh2)s]. In the absence 

of CO, this last canpound is unstable with respect to [Sht+(C0)6(PPh2)b] 1~1. 

The reactivity of the phosphido canple>:, [Fe(CO)2(PPh2)(cp)], with rhodium 

andiridiumccmpoundshasdlsobeenewmined. With RhCl~.3H20 or [Sh2C12(cod)2 

the cation (3) is obtained; the iridium analogue has also been prepared. The 

P-Fe -cp 
Phz \ 

C 
0 

(3) 

cation (3) exhibits an extensive chanistry in donor solvents (L = thf, !d&CO, 

etc.) that arises as a consequence of solvent coordination to rhodium, leading 

to the formation of species containing no bridging CO ligands. This chemistry 

is illustrated in Schaoe III [24]. 

The related arsido canplsc, [Fe(CO)2(Asbk2)(cp)] can be prepared fran 

b&AsCl and Na[Fe(CO)2(cp)]. The reaction also yields [{Fe(CO)2(cp))&sbkz]Cl 

(cf. [ll]), but the former can be obtained in quantitative yield fran treatment 

of Na[Fe(CO)2(cp)] with b(~>J(-Z)(~)l k'1. 

[Fe(CO).s] reacts with primary and secondary aliphatic amines to form both 

1:l and 1:2 adducts. It is suggested that the amine nxmt be at high enough 

I, 
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concentration to undergo self association by hydrogen bonding before adduct 

formation occurs and that the adciucts have ion-pair and ion cluster StxI_EtUreS 

[26]. With methyl-substituted imidnzoles, imid, [Fe(CO)s] fornrs 

~Fe(imW~]~Fe~(CO)Bl. [Fe(imid)6][Fe(CO)+]a, [Fe(imid)s][Fe(CO)b] and 

[Fe(imid)z(C0)2]- The crystal structures of the first twu canpounds have been 

determined [27]. 

Matrix isolation UV photolysis of [Fe(CO)+L] (L = MeeN or py) gives [Fe(CO)JL], 

xbhich has a structure of C 3v symnetry. This isanerises to a structure of C s 
symretry after IR photolysis [28] _ The heterodimztallic diazine complexes 

[E(OC)5~l:I)ZIFe(C0)43] .(bi = CT or W; Z = pentanethylenediazine) are prepared by 

treating [Fe(CO),,(thf)] or [Fe2(CO),] with [bf(CO)&?,] [29]. 

With 1,2-C6RU(AsMep)2, [Fez(CO>s] f orms(4)which exhibits a very asymnetric 

0 0 

(4) (5; x = CO) 

(6; X = SO) 

structure. The presence of semi-bridging CO ligands arises presumably as the 

unique Fe has an excess of negative charge because the arsenic atans cannot 

back bond as efficiently as CO. The semi-bridging CO ligands can accept this 

excess charge [30]. 

\\‘kn [Fea(CO)u] is treated with methanolic NaCH, followed by acidification 

in the presence of Nap[.%&], (5) is formed. Similar treatment of [Fe<CO),l 

gives a precipitate of [Fex(CO)&], but if precipitation is induced with Phble, 

(6) is isolated which contains the first example of a cluster bound [SC] group 

1311. Reaction of [Fes(CO)121 with C& at 80 OC under a CO/Ar atmosphere gives 

(7) which may be considered as a butterfly arrangexnent of the Fe4 unit with a 

broken edge [32]. Variable tanperature NMR of [Fe,(CO),(X),] (X = S, Se, Te 

or NHe) show two distinguishable steps in the CO exchange process. In the first 

the CO ligands on the apical iron atan attain equivalence and then those on the 

basal iron atans becane equivalent. Substitution of these canplexes with Group 

VEl donor ligands is easier at the basal iron atans and the products, 

[Fea(CO)aL(X2)]. are formed via the adducts [Fe3(CO)aL(X)2], which are thought 

to have the structure (8). A kinetic study of substitution of [Fez(CO)6(u-S)2] 
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(7) (8) 

also suggests the formation of an intermediate, [Fe2(CO)6L(uS)2]. Mich can 

lose CO or react further with L [33]. 

The structure of [Fe2(CO)6(u-Se2)] has been reported and the Fe-Fe, S&e 

and Fe-Se bond lengths of 257.5, 229.3 and 236.4 pn, respectively, cmpare xith 

analogous values of 255.2, 200.7 and 223 m for the (u-Z&)-oxpound. These 

differences are all well within the change in covalent radius on roving SITXII 

S to Se 1341. The reactivity of [Fet(CO)s(v-Xz)] (X = S, Se or Te) has been 

studied and reactions occw mainly at the X-X bond, thereby mimicking organic 

disulphides. Thus reaction with other metal cmplexes follows equation (3), 

J&l 

+ hlL$L, (3) 
/- \ 

where ML,, = Ni(dppe), Pd(PPh,)z, Pt(PPh,)z or Co(ShMe~>(cp). Identical products 

can be obtained by reaction of h!LmC1, with [Fe~(CO)~(u-&)12-. An imprOVed 

synthesis of this anion has been reported as part of the sequence of reactions 

outlined in SchemeIV[35]. 

SCHEME IV: Some reactions of [Fe2(CO)6(~-S2)]. 
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Reaction of rFex(CO)sSz] with l-CuH2sSH gives a 2% yield of a mixture of 

syn- and ati-[Fe2(C0)6(u-SR)2] and a small amount of [Fe2(CO)6(u-S)2] 1361. 

[Fe2(C0)6(u-SPh)2] has been obtained by treatment of [Fe2(CO)g] with PhNRNSO, a 

finding in contrast to that employing PhN=S=O which gives a low yield of 

[Fe~(CO)6(PhNS)] 1371. 

Photoreaction of [Fe2(CO)~(~'-CsH~bIe)23 with Sa gives the binuclear canplexes, 

[(~'-CsH~bIe)2Fe2(~-S2)2], (9) and (IO) 1381. 'l'he clusters (11) and (12) are 

(9) 

s _- 
-Fe - S -Fe 

(10) 

(11; cp groups 

omitted for clarity) 

(12) 

chiral in solution and thus nmst have rigid Fe-S frameworks. As an earlier 

study demmstrated similar behaviour for [bloFeCo(CO)~S(cp)]. it is likely that 

this is a cormon feature of sulphur-bridge clusters [39]. 

13C NMR studies on [Fe2(CO)6(u-SR)2], [Fe2(C0)5(PSu3)(u-SR)2] (R = Me or Ph) 

and [Fet(C0)6(u-X)2] (X = S or Se) have shown that the solid state structures 

are maintained in solution. [Fe2(C0)6(u-SPh)2] is present in two isaaeric forms, 

the anti form predaainating: these isomers could not be separated [40]. 

In order to ascertain the influence of the bridging groups on the basicity 

of the metal-metal bond, protonation of [Fe2(CO)4L2(u-A)(u-A')] (L = PPhnMe3_n; 

A=A' =SPh,PPh20rPMe2; A = SPh, A' = PPh2) has been studied. Replacement 

of the first SPh group by PPh2 markedly increases the basicity, but introduction 
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of the second PPha unit has no additional effect [41]. The structure of 

[Fe2(CO)6(~~l)(lj-~hz)] has been determined and the Fe-Fe bond length of 

261.9 pn is slightly shorter than that of the diphosphido analogue [42]. 

'Ike-electron reduction of [Fea(CO)6(u-PPha)2] yields the analogous dianion 

which contains no metal-matal bond; cleavage of this bond leads to a complete 

flattening of the Fe2P2 ring [43]. [Fe2(CO)s] r 
4 

eacts with P(S)(Ph)C&CH&H$S 

to yield the cunplexes (13) [44]. 

1 
Ph 

I 
(13; L = co or i+(Ph)CH$WH& 

cis-[Fe(CO)z(C~HrSa)~]2m and cis-[Fe(C0)2(MeSC6H4S)2] react with Pb!e3 to foxm 

[Fe(C0)2(Pble~)2(CsH~S~)~]2- and [Fe(C0)2(Pb%z3)(MeSCsH4S)2] respectively. A 

similar reaction of [Fe(MeSC~H~S)~] yields [Fe(Pb%e3)(bMC6HGS)2]. 

[Fe(C0)2(C6HsS2)2]2- also reacts with ~,~-C~HI,BT~ to give (14) and similar 

(15) 

treatment of [Fe(C0)2(S2C2H4)]2- yields ~15) [45]. 

Reaction of [Fe2(CO)s] with MeC(NRR)S (R = H or Ph) gives [Fe(C0)4ESC(NHR)ble)]. 

In a related reaction, [Fe(CO)2(cp)(CCNRbk)] reacts with CSX (X = 0, S) to yield 

~Fe(CO)z(cp)ISC(X)~)] and [Fe(CO)(SDgRJe)(cp)] 1461. 

Force constant calculations for the Fe-Fe, Fe-S and S-0 bonds of 

[(OC)~Fe{u-%)2)Fe(CO)4] are cunpatible with strong electron donation fran the 

SO2 ligand [47]. Reaction of [Fe2(CO)r(PMeB)a(u-Sb¶e)2] with SO2 yields leads 

to [Fen(CO)4(Pllles)2(~~~)2(~S02)], in which the SO2 molecule replaces the Fe-Fe 
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bond. Interestingly, the Fe-SO2 distance is 222.6 pn cunpared to 235.6 pn for 

the Fe-SW bond length [48]. [Fe(CO)2iP(OR),}2(sO2)1 (R = Ph or 2-GH1,bk) both 

exist as a mixture of isanfxs in solution_ In the solid state both exhibit 

planar geatxetry of the SO2 group and trigonal biPyramidal coordination of the 

metal.; howaver, in one case (R = Ph), the equatorial ligands are [(SO2)(CO)2] 

l\hile in the other they are [(SOZ){P(OR)~>~] [49]. [Fe(CO)z(sO2)(cp)]+ reacts 

with ROSOzF to form [Fe(CO)2(S(0)20R}(cp)] (R = Me, Et, Pr or CHb&) which is 

also formed from [Fe(C0)2(H20)(cp)]f and NaS(O)20R [SO]. 

[Fe(NCS)(CO)l(cp)] interconverts with the SCN isomer both in the solid and 

in solution. It has been previously suggested that this involves a bridged 

Fe-KS... .-Fe internradiate. Hcnvever, determin ation of the crystal structure of 

this m.Aecule sharks the shortest Fe . . . ..S distance to be 425 pn_and this is 

clearly inconsistent with the operation of such a mechanism in the solid state 

c511. [Fe(cEJ)(CO)z(cp)] reacts with both Me$JBH41 and B,H6 to yield 

~F~(CO)~(CNBH~.NM~~)(CP)II and [Fe(CO)2(~g)(cp)l. respectively 1521. 

In diethyl ether (dielectric constant, 4.3). Na[Fe(CO)s(CN)] exists predan- 

inantly as contact ion pairs with the sodium atan showing a preference for the 

cyanide site. These are converted to solvent-separated ion pairs on addition 

of 1.5-crwn 5, or by dissolution in thf (dielectric constant, 7.4) 1531. Treat- 

ment of [Fe(CO)5] with L&[Ph2CO] gives [Fe(CO)4]2- [54]. 

An X-ray diffraction study of the [Fes(CO)u ]'- anion as its [NEt,]' salt, 

shows it to adopt the structure shown in (16). The anion shows only one 13C 

(CO) 3 

co /=T.i 
(00 3Fc$,i /Fe(CO) 3 

0 

(16) 

resonance in its NhR spectrum and this has led the authors to suggest a new 

Possible mechanism for carbonyl interconversion involving a syrrzhronous rrpve- 

ment of a terminal axial CO, and both bridging CO ligands, over both triangular 

faces [55]. 

Photolysis of [Fe<CO>,] and [O~,HZ(CO)~~ 1 gives [FeQsa(CO)la~z] in 95% yield, 

but reaction of [Fej(CO)u ] with [V(CO>,] under similar conditions yields only 

[Fes (CO);1 HI- [56]. Interaction of [Fea(CO)n ] and [Fe(CO)S] with surface 

alumina and silica yields the supported hydrido canplex bl-HFee,(CO)ll (M = Al(G)= 

or MG-)Y) [571. The Ma values (in parenthesis) have been reported for the 

following hydrides: kuII(CO)~HH4] (11.7); [FeRus(CO)uHI,l (13.4), [Ru(CO)uHzl 
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(14.7), bWb~(CO)~3H~] (14.3); [Os+(C0)12&] (E-O), [FeH~tC0)~1 (12.4) and 

[Q=,(CW.l (12.8) [5'3]. 

Photolysis of SiClaH and [Fe(CO)s] gives cis-[Fe(CO)4(SiC1j)2], whereas 

reaction with [Fe2(CO)g] in the presence of Et3N is reported to yield 

[SiEFe(CO)klbl. Treatment of [Fe2(CO)9] with SizWeIerHz produces 

[(OC)3Fe(u-CO)(u-Si#e,)Fe(CO)3] [59]. Reaction of [Fe(CO)2(cp)]- with eyeLo- 

SisBXes(SiMe2C1) and cycZo-SisbIeaCl(SiA~letC1) yields ~c~cZo-Si5;Me~(Sible~~Fe(co)~(cp)j)] 

and [qclo-SisMe~IFe(C0)2(cp)}(SiMezEFe(C0)2(cp)1)] respectively [60]. A similar 

reaction involving PbR,Cl gives rPbR3{Fe(CO)2(cP))] (R = Ye or Et) [61]. Men 

rBr&in~Fe(CO)2(cp)Il is treated with [Co~(CO)81, [BrSn~~(CO>~~EFe(CO>,(cp)31 

is famed [62]. 

[Ni(cp)n] reacts with various iron carbonyl canpouuds to yield <17), (18) 

(CO) 3 

Fe 

(17) (18) 

and [(cp)zNiFe(CO)8] 1631. 

Reaction of [Fe3(CO)u 12- with palladium(I1) and platinum(I1) salts gives 

[FesM(C0)16 1 2- <19;bl=PdorPt). If a large mount of platinum(I1) salt is 

employed, [Fe3Pt3(CO)15 12- and [Fe,,pts(CO)22]2- are obtained. Using [Fel,(CO)ls]2-, 

a canplex mixture of products is obtained, from which both [FesPds(CO)n,, I*- and 

b%Pd~(cO)~~ HI 3- have been isolated. 'Ihe latter has a trigonal prismatic array 

of Pd ataus with the six lateral surfaces capped by six iron atans. Of the 
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twenty-four CO ligands, twelve are temninal (turo per Fe), six are doubly bridging 

Fe-Pd edges and six are triply bridging {FePdz) faces. The hydrogen atan was 

not located [64]. 

Treatment of [Fe13r(CO)S(n3-C,H,R)] (R = H or 1-Ph) with zinc dust followad by 

[AuC1(PPh3)] yields [Fe(CO)~{Au(PPh3))(n3~~H,R)]. The allyl-containing canplex 

exhibits pentagonal bipyramidal., CS, coordination with the Au(PPhs) ligand 

located on an edge between two CO ligands. The Au-F&O angles are thus very 

acute (71°) [65]. When the monaner, [(NHB)pZnFe(CO)4] is heated in the solid 

state, ammonia is lost and [{zn~e(CO)~)~] is formed. This, in turn, takes up 

bipy to yield the canplex [(bipy)Zn{u-Fe(CO)I,}zZn(bipy)], the structure of which 

has been determined [66]. b-&@e(CO)~l U-Q = (PY)Z, bipy or en> and 

[(thf)EtCaFe(C0)4]2 have also been reported [67]. 

Vahrenkamp and cowrkers have continued their detailed studies of -EzR bridged 

polymetallic canpounds and have reported that [Ru3(CO)u ] reacts with 

[(Fe(CO)2(cp)}(Asa~)l to yield [Ru,(CO),,_n(AsMe,~Fe(CO)z(cp)I)nl (n = 1, 2 or 

3). [{Fe(CO)2(cp)}(AsbIel)] also reacts with [Co(CO)2(cp)] in a 1:l ratio to 

give [(Fe(CO)~(cp)~(Me&s)cO(CO)(cp)]; however, when a 2:l ratio of these 

reagents is used, (20) is formed. [(OC)4Fe(u-AsMez)Mn(CO)1,] reacts with b!ezENMez 

cP . 

(20) 

(E = P or As) to form the open chain canpounds [(OC)sFe(~-AsMez)~(CO)I,(EMe~NMen)], 

and similar reaction with Me&Xl gives the salt 

[(oc)sFe(~-Ashlez)~(CO).~[(oC),Fe(u-Asb~~)~C1(CO),I. Nucleophilic cleavage of 

the metal-metal bonds of [(OQQFe(u-EU%%)M] EM = Co(CO)x, Fe(CO)2(NO), h(CO)r, 

bb(CO)2(cp), or W(CO)2(cp); E = As or PI can also be achieved with [bl'(AsMez)l 

{M' = Fe(CO)3(cp) or ?~I(Co)~(cp) (M = Cr, MI or W)), yielding 

[(OC)4Fe(u-~2)M(~-AsMe2)M11 1691. 

The anions [Fe(CO)+(CCMR2)]- (RrN = piperidino or pyrrolidino; R = Me) reacts 

with NiBr2 to give the square planar nickel complex, [I(OC)4F~212Ni] [69]. 

Similarly, reaction of [(~p)Fe(CO)(Cble0)(~@~0)H] with E3Fs yields (21) in which 

the chelate ring is boat-shaped rather than planar 1701. 

The unusual cunpound (22) is obtained in low yield fran the reaction of 

[Fep(CO)u] and EtNO2. A structural study has confirmad that the EtNO fragment 

acts as a six-electron donor in bridging all four iron atoms (71). The structure 
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Me 

cp,Fe/~r_o, /F 

CA ,&-o/BIF 

(21) 

Et 

(22) (23) 

of <23), obtained fran [Fez(CO),] and tetramethyl-3-thietanone has also been 

reported [72]. 

Finally, in this section, the stoicheiometry of the products of "total" 

decanposition of [Fe3(CO),2] in dmf and dmo have been determined. They are 

[FezO3(&O)s(ctrnf)] and ~Fe~O~(H~O)~(dn=o)(CO)] andboth contain Fe-O-Fe linkages 

r731. 

1.2 NI- CKAWLEILES 

Photolysis of [Fe(CO)5] in non-Polar solvents containing NO gives rise to an 

EPR spectrum assigned to the free radical ccqlex, [Fe(CO)(NO)3].. There was no 

evidence for the fommtion of [Fe(CO)3(NO>]. 1743. Electrochemical reduction 

of [Hg{Fe(CO)3(NO))z] gives Hg and [Fe(CO)3(NO)]-; howver, electrochemical 

oxidation yields Hg2+ and [Fe(CO)3(NO)]-. Electroreduction of 

[@uNC)&T(Fe(CO)~NO)2] yields [Fe(CO)3NO] and [(E%uNC)zPt(Fe(CO)3NO)]- [75]. 

The formally 19-electron canplex, (241, has been prepared by treatment of 

Y8Y Yw 
N-N 

N-N .._I. 

nN , \ 

Me2GL I 
'O-Fe' 

NO 

c& 1 ‘NO 

-‘YFe/ lFejNO 
ON/ \ / ‘No 

iNZ\ 

(24) (25) 

[Fe(NO)zI] with the sodium salt of the pyrazolylgallate. An X-ray structural 

determination confirmed the structure and showed the presence of tw bent FM0 
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units (F&O -160") 1761. Similar treatment of [Fe(NO)zI] with Na[GH&] yields 

the paramagnetic 17-electron dimer, (25). The iron atans have distorted tetra- 

hedral geanetry, the [Fe(N-N)zFe] ring having a boat conformation. Thus the NO 

groups can be viewed as pseudo-axial and pseudo-equatorial; the former has FeNO 

-170°, while that of the latter is ca. 160° [77]. 

Protonation of [Fe(CO)9(NO)]- or [Fe(C0)2(NO)(PPh3)]- with trifluoroethauoic 

acid, in the presence of excess @ha, gives [FeH(CO)(NO)(PPh~)~] which, on 

reduction with sodium amdgam, gives [Fe(CO)(NO)(PPhj)2]-. Treatment of 

[Fe(CO)2(NO)(PPh~)]- with H[BF,,] in the presence of excess PPh3 and CO yields 

the cation [Fe(CO)2(NO)(PPh3)2]+ [78]. Treatmant of [Fe(CO)3(NO)]- with 

[RC~H~N~]+ at -78 OC leads to [Fe(C0)2(NO)(N&H4R)], which could not be isolated, 

but on treatment with PPh3 gave the isolable [Fe(CO)z(NO>(N2CsHsR)(~h~)] (R = 

4b!-e, 4MefZCIW, H, 4-F, 4CFa, 4CHeC0, 4N02 or 3-F). BBssbauer data suggest 

the [ANN*]+ ligand is a stronger u-donor and a weaker v-acceptor than [NO]' [79]. 

[Fe~(NO)I,(u-NR2)2] is obtained by treatment of [Fe(NO)$ll with 

Na[AlH~(OCHKHKMe)2] and it is likely that this cunpound is that reported in 

1960 as [Fe2(NO)+(NR)2] from the reaction of [Fe2(CO)6(NH2)2] and NO [SO]. The 

related dimer [Fe(NO)2(u-NPh*)] 2 is obtained fran [Fe(NPh2)l(dioxan)2] and NO 

at -35 OC. An X9X.3 study suggests the iron atans in such canplexes are in the 

formal oxidation state of III {Sl]. 

Ab initio h%J calculations have been reported for the [Fe(NO)ln (n = 6, 7 or 

8) systems, and the following important points have arisen. The important 

energetic contribution to the linear geanstry observed for [Fe(NO)16 arises 

from interaction of filled 5u and l-ir orbitals of NO with the metal, as well as 

from the interaction of the NO %I orbital. The potential energy curve for 

[Fe(NO)]' is virtually flat, in agzemant with the observation of a wide variety 

of experimental geanetries and the poor definition of the oxygen position in 

structural studiesonmany canplexes containingthisunit. The ground state of 

[Fe(NO)] ' is predicted to be linear ('Al> &th considerable unpaired electron 

density in the dZa orbital. [Fe(NO)]' shows the expected bent geometry and the 

tendency for bending in the plane of the better wacceptor - confirmed [82]. 

An XPELS study of [Fe(NO)X(diars)]+ and [Fe(NO)(diars>]2+ has been reported [83]. 

Reaction of [Fe(N03)3] and [Fe&cN(CRMe~)~~~] yields [Fe(NO){S2CN(CHhk2)212] 

and the structure of this molecule has been determined by X-ray methods. In 

all previous crystallographic studies on [Fe(NO)(dtc)l] cunplexes, distinction 

between linear and bent FE&O geanetry has been prevented by problems of disorder. 

In this case, the assignment of an F&O bond angle of 179O, perpendicular to 

the Sb plane is unambiguous [84]. [Fe(NO)(salzphen)] is prepared by reaction of 

[Fe(saLphen)] with NO and shows magnetically distinct S = % and S = 1 states, 

at high and low tqrature respectively. A recent study of the analogous 

[Fe(NO)(salzen>] canplex shows similar magnetic behaviour, the F& angle changing 
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frun 14'7O (S = %) to 127 (S = 4). The change in v(NO> observed for 

[Fe(NO)(sa&phen)] frm 1724 cm'-' (S = % to 1643 cm-' (S = 3) suggests a similar 

F&O variation. [Fe(NO){5,5'-(NOz)2sa.l2en)] has been prepared and the previously 

observed tanperature dependant spin equilibrium has been confirmed, although the 

rragnetic manent values of both forms are higher than previously reported [85]. 

Treatrmnt of [Fe(py)&l+] with NO and maleonitriledithiolate, bipy or phen 

(L) yields [Fe(NO)Lz] [86f. Sirni1a.r complexes containing amiciinothiourea 

ligands have also been reported [87], 

When [FeL']= (H2L' = ~(~2)~~~(~2)zNhle(M2)2S1I) is treated with [XO][PFE;], 

the product can be obtained in is=.o crystalline forms. One is jFe(L')(X0)~1, 

the other is a mixture of this wund and [Fe(L'H)(N0)21. The latter can be 

obtained in pure form by reaction of [Fe(i?O)ZBr2] with L'Hz, and has a square 

pyramidal coordination geunetry with fS2(fiO)B(KL')) ligating atans in the basal 

plane and a bent NO group at the apex; the former has a psezzdotetrahedral 

geanetry, {Fe(Ivo),S,), with both NO ligands linear and one of the uncoordinated 

nitrogen atorrs of L' pmtonated and hydrogen bonded to the other. Both canplexes 

are parvetic, llrelectron species 1883. 

A molecular orbital and reactivity study of [M(CX)s(NO>]n' (&I = Fe, n = 2; 

BI = Mn or V, n = 3) has been reported. The HQIID is an orbital of K synmetry 

locaILi.sed mainly on the ligands and the LfmD is a degenerate x* (&N-O) orbital. 

localised mainly on the nitrogen atan. Analysis of the LUM3 as a function of 

the ligand electmnegativity, the xwnber of electmns in the complex, and the 

nature of the metal shows that nucleophilic attack at N or reduction at N is 

favoured for metals at the right-hand side of the transition series and with a 

high fomal charge on the metal. For [af(N (n = 4, 5 or 6), the site of 

nucleophilic attack is independant of the nwrber of electrons or the nature of 

the ligands. The energy of the LUKE decreases with the nun&r of electrons, 

with increasing electmnegativity of the ligands and on going fran right to left . 

acmes the periodic table making nucleophilic attack at any site nore facile [Sl]. 

The mecbnism of the reaction of [Fe(~),(IW)]2' withNH3 hasbeenstudied, 

and at low ammnia concentrations the initial attack is by [OH]- to give an 

titezmediate which subsequently yields [Fe((rr)s(NH3)]3w. AC high anmonia 

concentration, there is probably direct attack by NH3 on the NO ligand [go]. 

The structures of T12[Fe(CN)5(NO)] and Ca[Fe(CIi)S(NO)].4H20 have been reported. 

Both, in canon with all other exzunples of this anion so far examined, exhibit 

very distorted octahedral -r&nation of the iron atom, this being displaced 

fran the (a)~, plane towards the NO ligand. The latter contains seven-coordinate 

EC!@,NI+] centres [91]. 
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and 396 pn respectively; M%sbauer spectra show the presence of tv.o different 

iron sites in the lattice, representing those with a guest molecule as a nearest 

neighbour (one sixth of the total) and those which are mre distant from L. 

Isaner shift and quadruple splitting parameters show the binding energy in the 

van der \Vaa.ls' layer to be ea. 3 k.J ml -l [105]. 

1.4 CYANIDES 

A neutron diffraction study on Prussian Blue, Fer[Fe(CN)6]3.zHz0 (5 = 14-16) 

has been published. Six water molecules are coordinated to the iron(II1) atons 

at empty nitrogen sites, and the additional six to eight water molecules are 

hydrogen bonded to those which are coordinated. Magnetic properties are 

consistent with high spin iron(II1) [106]. A neutron diffraction study on 

CsK[Fe(CN)6] at 4.2 K shows the Fe-C and C-N distances to be 193 and 115 po 

respectively, which is not essentially different to the roan temperature structure 

[1071_ The structure of the zeolite, KtZn3[Fe(a\l)6]2.rH20 shows the CFeC,} octa- 

hedra are linked to the (ZruV,) tetrahedra by bridging cyanide groups, thereby 

constituting a three-dimensional framsmrk with large cavities. Although the 

potassium ions and water mlecules were not well located, this structure alloIs 

an understanding of the zeolitic character and ion-exchange properties of hesa- 

cyanoferrates(I1) [lOS]. A structural study of Fe,[Co(CN)6]2.12H20 shows the UV 

ligands to bridge the Fe and Co ions {r(Cc+C) = 187.6 m; r(Fe-N) = 245 pn}, 

the former also being coordinated to water mlecules [log]. 

The kinetics of the reaction of [Fe(CN),]'- with HNO? in the presence of 

acid, giving NO, Hz0 and [Fe(CN)6]3-, suggest that the oxidising species is [NO]+, 

hence equations(4a)and(4b) [llO]. A kinetic study has also been made of the 

H+ + HNOr\* [NO]+ + Hz0 

[NO]’ + [HFe(CN)6]3- fast *[F~(csu),]~- + NO + H+ 

(da) 

reaction of [Fe2(CN)1a 14- and a HN02/HNOs mixture; the primary product appears 

to be a binuclear tFe(II), Fe(II1)) canplex with coordinated [NO]' linked to the 

Fe(I1) ion. Similar reactions of [Fe(CX),]3- and [Fe(CN),L]- (L = bipy or phen) 

have also been studied. All form cyano-nitrosyl cunplexes and these are 

presumably generated via NO2 [ill]. 

Devious xvorkers have presented evidence for the equilibrium (5) with 

K = 1.57 0.2 x ld8 M at 25 OC, hoivever, Davies and Garafalo have shown that 

b’e(~)5(H20)l~~ b bWCBJ)5(oH)l~~ + H+ 
aq 

(5) 
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Reaction of Fe(CH)3 Mth disulphide ions at pH 9.5 gives Na,_5FeS1_5(Cli)I a; 

hasever in the presence of excess S2-, NaFeS2 is famed [124]. Single crystals 

of 8-l&Fe&, have been prepared by heating BaS and Fe (1:2 ratio) at 800 'C in 

sulphur vapour (6.7 atm). The conpound contains an {Fe&), framework formed by 

isolated columns of edge sharing {Fe%)- tetrahedra, lvith the barium atam 

located between the wlumns [IZS]. TlFeS2 (synthetic raguinite) and TlFeSe? 

also both contain infinite linear chains of edge sharing CFeXr) tetrahedra 1126). 

The structure of Cu2FeCieS1, (synthetic briarite) has also been reported [127]. 

FePSes reacts lvitb pyridine to give the intercalation cwmd FePSe3pyh, 

the electrical resistivity of wfiich is closely related to the arrangement of 

pyridine rmlecules in interlay- 11281. Auger spectroscopy of FeB and Fe2B 

indicates no major chazge transfer bet%een iron and box-On. localised boron- 

boron covalent bonding occurs in FeB, but isolated boron atans are found in 

Fe2B [129]. 

U?%sbauer spectroscopy of voltaite, K2FeS11Fe~r*xAt(SC+)~~ .18&O, sbcnvs that 

the iron(I1) ions occupy fO,(C&),} sites and that the iron(II1) ions are in 

(06) sites [130]. F&C3 can be prepared by the reaction of solutions of metal 

salts, hydroxide or oxide vzith COz at 600-4,500 atm and 100-400 C 11311. When 

Fe203 is treated tvith H$Ct under various conditions, Fe(H&Sh)3, FeW&), 

Fe4(P207)3r Fe(HzPsOlo ) and Fe(P03)a are famed f132]. Single crystals Of 

Pe 2 III(b$&:,)o can be gro~vn by hydrothermal techniques frcm Kz[MoC4]-~Io03-PepO~; 

the iron atoms occupy octahedral fO6) sites fr(FM) = 199.2 pn) and the 

rrolybdenum atars occupy distorted tetrahedral iO,} sites Cr(hId)) = 175.6 pn) [I33]. 

I.6 IraW 

1. E. I ConpZexes witi PMonor Ziganiis 

Fe8rrz reacts rvith K(NPh-,)(dioxan)3 to yield [Fe(NPhz)z(dioxah)z], &ereas the 

same reaction perfomed in the presence of the added ligands, L (L2 = bipy or 

(PEt3)2) gives tFe(Nph2)&]. When excess K(NPhz)(dioxan)3 is used, 

K~[Fe(Wh2)trLs] is formed [134]. [FetNcse)6]4-, [Fe(NCSe)s(H20)]3- and 

%=(NcSe)4 1 2- have been prepared and Essbauer data indicate participation of 
the ligand r orbitals in the bonding 11351. [LzFeW!X)I.Hg(NCX)2] (L = dmf, 

dmso, PY or PPha: X = S or Se) have also been prepared [136]. 

The reaction of metallic iron with ~\WS], [MPG], [PFs] or [NO]' in BIeCN, or 

the reaction of FeF2 with [PFs] in the same solvent, gives [Fe(bkCN)s]2+. This 

cation gives [FeC%12- or [Fe(NeCN)IP(C%fe),%512t on treatment lvith chlorine or 

P(O&Z)~. respectfvely 11373. S$rrrilar reaction of iron Mth CC14-hlecrJ gives 

tFe(==)~]tF~l,]~. W&n iron is treated rvith excess NSF3 in liquid SO2 

fFe(NSF3)4]2t is formed 61381. 
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Gillard reports that [Fe(2,2'-bipyrazine)~] 2+ is attacked by both [OH]- and 

Hz0 at the ligand, and that the ligand is cleaved fran the ccq~lex. Similar 

behaviour ws observed for attack of [cH]- on the tris{2,2'-bis(5,6-dihydre4 

H-1,3_oxazine)~iron(II) cation [139]. A kinetic study of [cN]- and [Ns]- attack 

on [Fe(biPym)3 1 2+ in aqueous solution is also reported to be consistent with 
the mechanism of initial nucleophilic attack on the ligand, as proposed by 

Gillard [140]. 

Attack of [cN]- on A-~~c-[Fe(3-blephen)3]2+ yields C~(trans)--, C, and Cz(cis)- 

[Fe(3-Mephen)2(CN)z] with the A enanticrner predaninating. The first step of 

the reaction is reported to be formation of C~(trczns)--, C, and C2(cis)- 

[Fe(3_Mephen>2(CN)(H~O)]+; the A enantiomers are formed in excess but these 

undergo configurational inversion to the A--campounds which then proceed to form 

the dicyanides [141]. 

The isolation of highly optically active (+)-[Fe(phen)3]C12 by a freeze 

drying method has been reported [142]. The canplexes [Fe(4X-bipy)s][C104], 

and [Fe(4,41-X2-bipy)a][C10,]n (X = NO2, n = 2; X = PEts, n = 5 or 8) have been 

prepared [143], and the electrochanical behaviour of [Fe(LL)3]2' (LL = phen, 

3,4,7,3-Me,,phen or 5-NOaphen) shows that methyl groups facilitate oxidation, 

whilst the nitro group impedes it (1441. 

The loss of the red colour of [Fe(phen)312+ in &so in the presence of chloride 

has been previously ascribed to acid solvolysis; however, Gillarci has now 

suggested that the results were incomplete, naSvely interpreted andare 

irrelevant to reactions performed in water [145]. Others have studied the 

similar behaviour of [Fe(phen)3]C12 in 1,2-&H&12, which can also be attributed 

to formation of [Fe(phen)K12], and observed no such change in aqueous solution. 

The mechanisn of the reaction in dichlorcethane involves formation of a contact 

ion pair, followed by displacent of phen by Cl- ions. With [Fe(phen)3][C101,]2 

in this solvent, no colour change is observed, and this is a consequence of the 

lower donicity of [ClO,]- compared to that of Cl-. In water, the Cl- is 

surrounded by a solvent cage that masks its donicity 11461. 

The rocm temperature lifetimes, T, of the excited states formed by 530 nm 

excitation of [FeLs] 2+ in water are as follam: L = terpy, T = 2.54 ns; L= 

bipy, T = 0.81 ns; L = 4,4'-Me2bipy,t=0.76 ns; L = phen, T = 0.8 ns; L = 

4,7-(SO&6H4)2phen, T = 0.43 11s. For comparison, the lifetimes of the osmium 

analogues are in the range 10-100 ns [147]. 

Electrochemical oxidation of (FeL,12+ (L = &eN=CRfZR'=NMe), RR' = H,H; H,Me; 

Me,&; &?,Et; (CR,),; CR2CH?de(cH2)2; H,Ph; or Me,Ph: L = {CSHSNCR"+JR"' 1R",R"' = 

H.Me; H,Et; ble,b!e; h%a,Et; Me,Ph; or Me, 3- or 4-CeHrNH2) has been reported and 

previous uork fran the same laboratory on ligand oxidation of [Fe(NeN~=NK)~]2+ 

by cerium(fV) has been canpleted by a kinetic and mechanistic study. The 

machanisn involves initial oxidation to [Fe(MeN=CHCH=NMe)8]3+ follcw& by formation 



of [Fe(~~~~)2(b~~C(~)-~12+, 

and [Fe(hkN=CHCH~k)~]z~ in the ratio of 

as shown in Scheme V [148]. 
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[Fe(hMCHCHX%!e)~(hfeN=CHCH=NCH OH)]2+ 

6:3:8. The ligand oxidation proceeds 

f--c% HzO-H \ l-5 
\ 

"\,I<"‘ 

+ HpO+ 

SUBhE V: The mechanisn for the oxidation of [Fe(hkSCHCH=NbIe)~]2+. 

~n X-ray crystallographic study of [Fe(L)(CO)(MeCN)]2+ (L = (27; R = Me)) 

(27) (28) 

:shows the {N4) core to be almost planar, with the iron atan displaced by 6 pm 

~tomrds the carbonyl ligand [149]. .The related low spin canplex, 

[Fe(L)(bIecN)2][C104]2 (L = (27; R = H)) reacts with chloride ion to form high 

:@.n [Fe(L)Cl][ClO,] which provides evidence against the argument that a 

ruacrocyclic ligand nust be unsaturated or substituted for successful preparation 

elf five-coordinate complexes. The same paper also notes that in contrast to the 

::tarting material, [FeL'(MeCIQ2][C10,], (L' = H2N(~2)3NH(CH2)2MI(~~)~~~) is 

itigh spin and this difference is ascribed to the small constrictive effect of 

lthe non-cyclic ligand [150]. The kinetics of replacement of %CN by imidazole 

:in [F~L(MIXT?),]~+ {L = (28; R = Me or Ph)} is consistent with a dissociative 

nnechanism where loss of the first MeCN ligand is rate determining [El]. 





prepared. This undergoes one-electron oxidation to [Fe(~32)1(MeCN),]3+ and 

also reduction to firstly [Fe{<22))(bMN)]+ and then to [Fe{<321 >I. This 

neutral canplex undergoes oxidative addition with Me1 to yield [FeE(32))(Me)I], 
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which can also be obtained fran [Fe{(32))1~] and Me&I [154]. The SO-mmbered 

macrocycle (33) forms the low spin cation [Fe{<33>)12+ when iron(I1) salts are 

treated with [Pb2{<32))(m)s]. The lead mnplex has all ten donor atans bonded 

to the t\w metal ions, but there is no evidence for such iron analogues and the 

isolated iron cunplex is six-coordinate, as shovm in (34) 11551. 

[Fe(CO)S] reacts with 1,2-C6Hr(CN) 2 in dmf at 110 to 140 OC to give a 70% 

yield of [Fe(Pc)(CO)(dmf)], which on heating in uacuo gives CY- and &[Fe(Pc)] 

c1561. Other adducts, [Fe(Pc)(CO)L] (L = thf, H20, MeUH, Et2NH or EtsN) have 

also been prepared, and the structure of the diamagnetic dmf canplex determined 

{r(F&O> = 172 pn} [157]. The first bis-adduct of [Fe(Pc)], [Fe(Pc)(daso),].%mso 

has alsobeenisolated, andbothdmsoligands ares-bonded [156]. [Fe(Pc)] has 

been shown to be an effective catalyst for the decomposition of N2HI, to NH3 and 

N2; the a-form is several orders of magnitude more effective than the B-form 

[1591. A re-examination of the reaction of [Fe(Pc)] with O2 has led to the 

characterisation of [(Fe(Pc))20], rather than [EFe(Pc)j202] as previously 

reported [160]. 

The ligand tris(3,Sdimethyl-1-pyrazolylmethyl)amine, (L), forms the five- 

coordinate cunplexes, [Fe(L)X][BPhQ] (X = Cl or Br) and the octahedral complex, 

ke(L)(NC'B)2] [161]. The related ligands, l,l'-methylene-bis(3,5-dimethyl- 

pyrazole)(L'), tris(l-pyrazolyl)methane(L") and bis(3,Sdimethyl- 

pyrazolyl)methane(l'" ) form the pseudotetrahedral cunplexes [Fe(L')Xz] (X = Cl 

or Br) and [Fe(L"' )][C101,]2, the pseudooctahedral complexes [Fe(L')rX2] (X = 

I or NCS) and [Fe(L")Br2], the trigonal bipyramidal cunplexes, [Fe(L')rX][BPhb 1 
(X = Cl, Br or I> and the polymeric complex, (Fe(L">(hCS>,), [162,163]. A 

structural study of [Fe{RB(R3>>,] (R = pyrazolyl or 3,Sdimethylpyrazolyl) has 

shown the Fe-N distances to be 197.3 or 217.2 pn respectively. The former 

canplex is low spin and the latter high spin; this bond length difference is 

one of the largest so far reported between closely related canplwces varying 

in spin state [164]. 

'l'he polymer supported triamine (35) has been prepared and used to make Schiff 

P Q 
Q ,(cH213NH2 

(=2N 

\ 
cm2 1 am2 

(35) 
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base ligands. The iron(I1) cunplex famed under anaerobic conditions, undergoes 

irreversible oxidation upon exposure to oxygen to give an Fe-O-Fe containing 

species; this was presumed to occur because the Fe atans are insufficiently 

separated on the surface [165]. 

Reaction of [FeCl&(cp)l (L = PPh3, P(CBQZ)~, P(OPh), or CO) with silver 

triazenides yields [F~L(RN,R')(c~)] (R,R' = 4-MeCsH4 or 4-C1CsHs), a reaction 

which proceeds via initial formation of an Fe-Ag bond. These canpounds undergo 

one-electron electrochemical oxidation, but chemical oxidation with [NO]' gives 

IFe(CO)(NO)(RN~R' I(C b33l. 

FeC12.2H20 reacts with Na[E&(CN)] and P(OR)3 (R = Me or Et) to give 

[FeCBH,(~))2~P(oR),}~], which can also be obtained electrochemically by anodic 

dissolution fran an iron electrode into an ethanenitrile solution of @~~(a)]- 

and P(OR),. The chemical route gives only the tram product in methanol, but 

in ethanenitrile a cis, tram (30:70) mixture is obtained: the electrochemical 

method gives a cis, tram (65:35) mixture with P(OEt)a. The reasons for these 

differences are not clear. In the absence of phosphite, the electrochemical 

method yields [FeB13(CN)11(Me00,] C1671. 

Other studies on canplexes of N-donor ligands are detailed in Table 1. 

i-6.2 CompZexes with &donor and S-donor ligands 

Dissolution of iron in sO2-dnmo gives [Fe(dnmo)a][S207]. The presence of the 

[SO2]' radical anion and Fe2'/[S02]t ion pairs in the solution 1~s demonstrated 

El=]- The octahedraI cunplexes, [Fe(dioxan)6][InC1,]2 [169a] and 

[Fe(caprolactam)6][RFI,]2 [169b] have been prepared, and the crystal structure 

of [Fe(urea)G][C10,]2 has been determined [170]. 

The aryloxy and alkoxy canplexes [Fe(OC6H4X)2L,] and tFe(OR)2Ln] (L = bipy; 

X = N02, CN, Cl, Ph, H or Me; R = Me, Et, ClBle~ or PhCH*) have been prepared, 

and are active as catalysts for transesterification and for the dimarisation 

of benzaldehyde [17l]. 

Quinoline Ill-oxide (quinN0) and pyridine_N-oxide (pyN0) form the cuuplexes, 

[Fe(quinNO)2][FeJ3rl,] and [Fe(oxalate)L_] (L = quinN0 or pyN0; it = 2 or 4) 11721. 

The polymeric cunpounds (FeL'=X In (L' = (CH&HCH~O)SPO; X = ClOb, EiFb, Cl, Rr, 

I, NCS or NOa; x = 2-4) were prepared by reaction of poly(triallylphosphate) 

with the respective metal salts 11731. 

Canplexes containing acacH and MeC(O)C&CO~Et ligands in their keto forms 

have been prepared by a chlorideion transfer reaction, which involves treating 

iron(I1) chloride with InCls and anhydrous acacH or MeC(0)CR2C02Et (1:2:3.05 

ratio) in nitranethane. The products [Fe<acacH)-J][InCl~]2 and 

[Fe(MeC(0)CR2C02Et)p][InC11,]2 both contain octahedral cations [174]. Other 

canplexes containing U-donor ligands are listed in Table 1. 
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TAEXEl 

b¶iscellaneous Studies on sane Iron(I1) Cunplexes 

bS-W~l.2H20, b?dX~>1.2EI20 

(J_& = 5-(pyridin-2-yl)-tetrazole) 

[Fe(UQ,C(IR,2R)-l,2-cyclopentanediamine1]~ 

(Fe(02CCH20CsH4X-4)2), (X = N02, Me or Cl) 

[FeL2].nH20 (lH = 3-methylpyrazolGi-one; 

IZ = 0 or 2) 

[FeL2] (LH = 4'-methyl-4-hydroxy-3- 

carboxyazobenzene) 

[Fe(4benzoquinonediimine)X2] (X = ClO,,, 

Cl or Br) 

[Fe(isonicotinic acid hydrazide)][EQ].2H20 

{FeL}n (H2L = Iv,N'-cii(thioca.rbamoyl)- 

hydrasine) 

[Fe(tte)2L2] (tte = thiotheonyltrifluorc+ 

ethanoate, L = py or 4-bkpy) 

[Fe(L)X2] (L = vanillinthiocarbohydrazone) 

EFe(hydrazeclithioamide)ln, 

~Fe(hydrazodicarbonamide))n 

[Fe(PhCHB2Ph)2X2] (X = Cl, Br, 

I, NO3 or NCS) 

[Fe(thiophen-2-aldoxime 12x21 (X = Cl. Fh-. I, 
I, NCSorNCSe) 

[Fe(pyridine_2+ldaxime )2X21 (X = Cl, Br, 
I, N=) 
[Fe(2'-hydr~A-methoxy-5'-methyl- 

chdlconeI31 
{Fe(hydrazodicarbonimide))n 

[FeL,] CIH = 2-amino-5-(%phenoxy)-1,3,4 

thiadiazole} 

{F~L(H,o),}~ (ra = 5,5'-(4,4'-bi- 

phendiyl(bisazo (his S-hydro~quinoline) 

kL21X2 (L = 2-hycb-azinoquinoxaline; X = 

Cl or *CsObl> 
[FeL2C1(H20)].ZE120 (III = quinazoline-2 

thione-4-one) 

Camkants 

preparations described 

preparation and CD spectrum 

preparations described 

preparation described 

preparation described; 

tetrahedral Fe(I1) 

preparations described 

preparation described; 

high-spin octahedral Fe(I1) 

preparation described 

preparation described; 

high-spin octahedral Fe(I1) 

preparation described 

preparations described 

preparation described 

preparation described; high- 

spin trans-octahedral Fe(I1) 

preparation described; 

temperature dependent uleii 

preparation described 

preparation described 

preparation described; 

octahedral Fe(I1) 

preparation described 

preparation described; 

tetrahedral Fe(I1) 

preparation described 

Ref. 

a 

b 

C 

d 

e 

f 

g 

h 

i 

j 

k,l 

m 

n 

0 
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TABLE 1 (continued) 

Compound Garments 

[FeL2] (LB:! = 2-(;j-a-furfuralideneimino)- preparation described 

benzoic acid) 

H2Fe4L5.rH20 (L = eosine) preparation described; 

polymeric 

iron(I1) canplexes of 1-(%pyridylazo)-2- M6ssbauer study 

naphthol 

iron(I1) canplexes of Schiff bases from preparations described 

salicylaldehyde and sulphamethoxypyridazine 

iron(I1) canplexes of Z-(U--a-pyrrolyl- preparations described 

methyleneamino)benzenesulphonic or -ethane 

sulphonic acids 

Ref. 

(a) N.S. Gill and F.Y. Yang, P.ust. J. Chem., 32 (1979) 1669. (b) bl. Goto, M. 
Takeshita and T. Sakai, 3ulZ. Cizsm. Sot. -jpn_, 52 (1979) 2589. (c) C. Natarajan 
and R. Renaasamv. TEdian J. Chem. Sees. A. 18 (1979) 356. (d) S.N. Podder and 
A.K. Das, %zdi&‘J. Ghan. Sect:. 4, 18 (1979) 429. (e) S.D.‘G&wmi, Cztrr. Sci., 
48 (1979) 812. (f) Bl. Zaghal and H.A. Tayim, J. Inorg _ l\lucZ. C&m.. 41 (1979) 
889. (g) C.B. N&to, J_ %&an Chem. Sot,, 57 (1980)-485. (h) K.C. Satpathy 
and T.D. Mahana, -/. In&an C&m. Sot., 56 (1979) 1173. (i) T. blaitani, T. 
Kobayashi and Y. Saito, 2. 1norg. ikccl. Chen., 41 (1979) 1689. (j) G. biacarovici 
and S. Barbu, ilev. flown. Chim., 24 (1979) 1039. (k) D.G. Batyr, B-N. Balogna, 
E.V. Pona and Y.Y. Karitonov. Koord. I<him.. 6 (1980) 968. (1) D.G. Batvr. B.M. 
Balogna, E.V. Popa and Y.Y. Kharitonov, i(o&d.‘I(him:, 6 (198Oj 1125. (&>-NC. 
Jain, R.K. Shanna, K. Ram and P.C. Jain, Cczz. Chim. Ital., 109 (1979) 601. (n) 
M. hIohan, Gzzz. Chim. IraZ., 109 (1979) 655. (0) AI. bIohan, G. blittal; H.C. Kbera 
and A.K. Sirivastava, b!onatsch. Chem., 111 (1980) 63. (p) N.S. Bhave and R.B. 
Kharat, J. Indian Ci?em. Sot., 56 (1979) 244. (4) D.G. Batyr, B.M. Bdloy~, E-V. 
Popa and Y.Y. Kharitonov, Kohd. Wim., 6 (1980) 807. (r).NIB. Singh, J. Singh, 
K.K. Pathak and N.K. Sinah. Transition Met. Chem. Weinheim. Ger.1. 5 (1980) 60. 
(s) V. Banerjie and A-K.-D&y, PoZym. -RAZZ., 1 (1979) 685. it) K.D: Schleinitz, 
G. Westphal, A. Surkau and D. Iochner, j. -%kt. Chem., 322 (1980) 199. (u) 
B. Singh, M.M.P. Rukhayer, R.K. hkhra and R.J. Sinha, Indian J. Chem. Sect. A, 
17 (1979) 520. (v) N.K. Sankha, D.C. Sehgal and R.K. hlehta, CT. Indian Chem. 
Sot., 56 (1979) 1030. (xv) B. Agarwal, B.V. Agarwla and A.K. Dey, Reo. Chem. 
f-lfr.er. , 16 (1979) 535. (x) K.B. Pandeya, R.P. Singh, G.L. Sowhney and J.S. Baijal, 
Sotid .Sr;ase Commwz., 32 (1979) 823. (y) K. Lal, Reti. Rown. Chim., 25 (1980) 355. 
(2) C.P. Gupta, N.K. Sankhla and R.K. Mehta, J. i'rckz. Chem., 321 (1979) 691. 

A structural study of {Fe(thiourea)2(NCS)2)n shows it to be polymeric with 

iron atans in octahedral environments coordinated to four equatorial S(thiourea) 

atans and two axial i;(thiocyanate) atans: each su1phu.r is shared by three iron 

atans [175]. hBssbauer data shows the co-existence of tv.o solid state iscmers 

of [Fel&][ClO,,]r (L = N,U'-dicyclohexylthiourea) betiveen 200 and 300 K: these 

arise by alteration of the hydrogen bonding of the cation to the.perchlorate anions 

11761. 
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The chelating SS-l&and, 2,4_dithiobuiret (Hdtb) forms the high-spin canplexes 

[Fe(Hdtb)nX2] (n = 1 or 3; X = Cl, Br, I or $[so~]) 11771. Thianalic acid (HxL) 

fonrs the octahedral complexes A[FeL].nHzO (A = Li, Na or K) and [Fe(L.H)].nH20 

[178]. 

1.6.3 ConpZexes wish Fdonor ligands 

The secondary phosphine canplexes, [FeX(BPR2),.]Y and [Fe(HPR2)5]Y2 (X = Cl, Br 

or I; Y=BFs orPFs; Rt = BIePh, EtPh or Etz) have been prepared. The first 

series have triplet ground states, but the second have magnetic manents in the 

range 1.4 to 2.5 us. Reactions with CO give [FeX(CO>(HPRI)3]+ or [Fe(C0)2(HPR2)b12+ 

respectively [179]. 

The structures of trans-[FeC12(cis-Ph2WI~h2)z].~~~C0 11801 and 

[FeC12(PNP((=H2M*PPh2)2)2] .#e2C0 [Ml] have been determined, and both have 

octahedral geamstry. PhP(C&CH2PPh2)2 reacts with [Fe(H20)6]2+ and Hz.8 in 

propanone to form [Fe2(~-~)3{PhP(M2~2PPh2)*)2][C104].hle2C0. The cation has 

a confacial bioctahedral structure in which each iron atan is bound to three 

phosphorus atans of one ligand molecule, and three bridging SH groups [182]. 

Electron-poor organmetallic cations allays undergo hydride attack at a ligand. 

However, little is knolm of the behaviour of electron-rich cations. One of these, 

[FeCPhp(cH2~2pPh2)2)(cp)]+, has been prepared by reaction of 

[FeCl2{PhP(CH2CB$'Ph2)2)] and thallium(I) cyclopentadienide. Hydride attack on 

this cation gives [Fe(H)~PhP(C&CH2)PPh2)21(cp)], but deuteration studies show 

metal-cp hydrogen exchange to be occurring [183]. 

[FeH2(N2)(PBuPh2)3] reacts with CO2 under ambient conditions to give 

[Fe(ODI)2(PBuPh~)2]. This is less stable than the FE-h2 analogue due to both 

the higher u donor pcwer and the large size of the PBuPh2 ligand. With [FeH2LL] 

(L = PWPh2, PA&Ph, PEt2Ph, P(CEt)2Ph or P(CEt),) and [FeH2(dppe)2], there ms 

no reaction with CO2. This can be partly ascribed to the bulk of the ligands, but 

is also due to the absence of a readily available vacant site (n.b. such a site 

is famed in the earlier canplexes by loss of N2) [184]. C.B2 insertion into 

[FeH(dppe)(cp)] gives cFe(S2CB)(dp_pe)(cp)] 11851. 

The electrochenical behaviour of [Fe(dppe)2L212+ (L = M@W shms tw 

reduction steps giving [Fe(dppe)2(bfeCN)]+ and the rather labile [Fe(dppe)2(n2-1m)]. 

In contrast, when L = CO, two electrons are taken up in a single step [1863. 

The structure of [FeI{(-)-diop}(cp)] has been determined and the conformation 

of the chelate ring compared with those observed in other diop complexes 11871. 

1.6.4 Complexes with mixed donor ligands 

In view of the use of edtaHQ as an analytical reagent, it is perhaps surprising 
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that little attention has been paid to cmplexes of simple derivatives such ae 

esters and amides. However [Fe(edta(Me)r)]C1~ has been obtained and contains 

octahedral coordination of the cation in solution. In the solid state, one or 

both of the chlorides are also coordinated [18&J. Stopped-flow kinetics of the 

reaction of 02 with (Fe"(edta)) in neutral or acidic solution indicates the 

formation of ah intemediate O,-cunplex, which then interacts with a proton and 

a second iron(I1) atan. This leads to O2 reduction by a radical mechanisn with 

the intermediate fomation of HO;. [188b]. 

A detailed study has been made of the magnetic and spectroscopic properties 

of the pentagonal bipyramidal umple~~, (361, and these have been reproduced by 

NH 2 

M) calculations based on ah angular overlap model [189]. There has been consid~ 
erable interest in capped or basket handle porphyrins (see Section 1.9.1). In 

(36) 

an attempt to restrict the size of the cavity under the handle, Schiff base 

cuaplexes containing the linking atcme bonded directly to the ligating atans 

have beeo prepared, ~37) [190]. 

w 

<37; Np = naphthyl) 
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trade of the oxidation of [Fe(H20)61 2+ by nitric acid (equation 61, which is the 

3Fe2 + + 4H+ f NOa - - 3Fe3+ + 2&O + NO \-~ (6) 

basis of the brown ring test r200]. Photooxidation 

iron(III) and dihydrogen in a 2:l mole ratio [201]. 

1.7 IKfN(II1) 

1.7.1 Complexes with ?I-donor Ligands 

of FeSOo in HZSOII gives 

Reaction of FeC13 with K(NPhz)(dioxan)3 gives K[Fe(NPhz)rl 11341. A M5ssbauer 

study of [Fe(NCSe)6]3- indicates the participation of ligand ~-orbitdls in 

bonding to the metal r1351. 

Charge-transfer photochemistry of ~Fe~<28)~(C@e)(bkCEI)12+ and 

[Fe(ciug)~(ClW)(MeCH)] (38) can be described as photooxidation of coordinated 
H 

. . p-’ p 

0 0 ‘. e- 
H 

(38) (39) (40) 

methanol and reduction of the metal atan as shown in Scheme VII [202]. 

SCHEBlEvII: 

{FeL(b?eOH),]2+ + CH2CH [FeL(bkW,2]2+ + C&O. 

cH30. + cII,OfI -cHQI + .cH,OH 

2-CH,OH-CH,o+CH&EI 

GIICIH-CK20* +H 

C&O- + FeL(Me)(MeQH)12* -CH20 + [FeL(MeCEi),12+ 

Wachanism for the photooxidation of coordinated methanol. 
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spin isomers. In solution, the sodium salt is high-spin at low concentration, 

and low-spin at high concentration. No evidence was found for the foxmation of 

Fe-O-Fe bridged species in this study [ZOS]. A separate study has sham this 

[FeL13- anion to be low spin in aqueous solution. of low pH containing about 2a46 

(v/v) dmf, and to be reduced by [RH,,]- to [Fe1L15-. Reduction with pyridine 

gives a species which is ERR inactive, and is thought to be an Fe(I)-ligand 

radical ahioncunplex. This can be reoxidised to the starting material by Oz. 

With NHzOH, [FeL13- foxms [Fe(NO)L] [210]. 

A structural study on high spin [FeCl~(4-CNpy)2] shows it to be a rare 

example of trigonal-bipyramidal coordination of iron(II1). The only other known 

example is [Fe(Na>s]2- [Zll]. Fells reacts with S4N4 in CCIG to give a-FeClB.S,,N4, 

which has a tetrahedral {CZsN) coordination sphere 12123. Other N-donor ligand 

caaplexes of iron(II1) are listed in Table 2. 

1.7.2 CompZexes with O-donor Zigands 

The structures of Rb5[FeaO(SOI,)6].5H20 and K, _Tl, ae[Fe30(s04)e].5Ha0 have 

beenreported. Both contain three (FeO,} octahedrasharing cannon corners 

the 0x0 atom, and are further linked by three pairs of bridging SOI, ligands 

12131. The related complexes [Fe2m(02CCH21)6(H20)3] (M = Fe, Mn, Co, Ni, Cu or 

Zn) have been prepared fran M&, FeCl3 and [ICHzCOz]K in IC&COzH 12141. On 

the basis of a magnetic study it has been suggested that [FesO(02CMe)12][02CMe] 

contains a trigonal bipyramidal array of metal atans linked to a central 0x0 

atan. Each metal atan is bonded to one teminal ethanoate, and the bridging 

ethanoate ligands are arranged as shown in (43) [215]. 

OAC 

I 

AC 
I 

OAC 

(43) 

OAc 

Reaction of FeCl3 with L~[ccH(Q~~~)~] did not lead to [Fe{CCR(CMe3)2~3], but 

gave (44) 12161. 

[Fe(acac)g] reacts with T(a32H (R = aC12, C&Cl, CClp, etc.) or with Xz 
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TABLE 2 

Miscellaneous Studies on sane Iron(II1) cunplexes 

[FeL2X2]X, [FeLCl,] (L = melamine; X = 

Cl or NOa) 

[&La] (HL = 2-oxocyclopentanoic acid 

ethyl ester) 

[Fe(quinNO)~E%r2][FeBrs] (quinN0 = 

quinoline N-oxide) 

[FeLs] (L = 4,6-dihydroxycoumaran-3-one 

[F~l,(O~h&_& [FeCl3(Omh3)z] 

[Fe(W3)C15]2-, [Fe(SbC1~)Kl~]2- 

iron(II1) cauplexes of nicotinaldehyde- 

thiocarbohydrazone 

[FeLs].6H20 (M = 2'-hydraxyA--methoxy- 

5'-mzthylchalcone oxime) 

iron(II1) cunplexes of 2-amino-5 

phenyl-1,3,4oxadiazole 

iron(II1) canplexes of 2-HO-4 

RCCsHH,CPh=N(CH2,,sH34CR-ZOEI 

(n = 2 or 3) 

iron(II1) canplexes of 3-diphenyl- 

aminomethyl>-5-(2-hydromhenyl)-1,3,4 

oxadiazole-2thione 

[FeL2][C10u].2H20 (HL = 1-(2-pyridyl- 

azo)-2-naphthol or -2-phenanthrol 

[FeL3] (HL = 4(4dimethylanilino)- 

3-penten-2-one) 

iron(II1) canplexes of phenylphthalimic 

acid 

[Fe(2-picolylamine)~]Clp.2H20 

iron(II1) ccn@exes of cinnamoyl- 

hydrazine 

C%‘4HL)Ll, b’e(HQ21X (HzL = 2- 
HCGHJE+JN=C(SMe)NHz; X = Cl, E%r or 

No31 

[FeL,] (HLa= S-HO-5-quinolinyl- 

CaB=CBF'h) 

[FezL(a),] (H&={II~~~~C~(COZH))~S) 

culment 

preparation described; 

octahedral Fe(II1) 

preparation described 

preparation described 

preparation described 

preparation frun AsPhs described 

preparation described 

preparation described 

preparation described 

preparation described 

preparation described 

preparation described 

preparation described; canplexes 

exhibit a doublet ground state 

preparation described 

preparation described 

structure reported 

preparation described 

preparation described 

preparation described 

preparation described 

Ref. 

a 

b 

C 

h 

i 

j 

k 

1 

m 

n 

r 

S 
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TABLE 2 (continued) 

(a) C. Gheorghiu, M. Bicher, C. Marculescu, L. Diamandescu and D. Barb, iku. 
Room. Chim., 24 (1979) 815. (b) aLA. Banares, C.A. Angos and A.S. Yanez, An. 
&!&m.. 75 (1979) 795 [Chem. Abstr., 93 (1980) 360811. (c) [172a]. (d) R. Raina 
and N.L.D. Lar, J. Indian Rem. Sot., 57 (1980) 673. (e) V. Vancova, M. Melnik, 
G. Ondrejovic and J. Gaze, 2. Anorg. AZZg. Ckm., 455 (1979) 93. (f) M. 
Dinculescu, &L. Ins~. PoLitch.'"Gheorghe Gheorghiu-Dej" &cure&i Ser. Chim. 
MetaL., 40 (1978) 83 [Chem. Abstr., 92 (1980) 1035511. (g) S. Barbu and G. 
Macarovici, Rev. Roiur;. Chim., 25 (1980) 207. (h) N.S. Bhave and R.V. Kharat, 
J. Indian Chem. Sot., 56 (1979) 244. (i) N.B. Singh and J. Singh, Ir.dian J. 
Chem. Sect. A, 17 (1979) 424. (j) U. Dinju, H. Stahl and E. Uhlig, 2. Anorg. 
ALLg. Ckem., 464 (1980) 37. (k) R.A. Rai and U. Agarmla, In&k J. Chem. Sect. 
X, 18 (1979) 426. (1) Y.K. Bhoon, K.B. Pandeyn and R.P. Singh, J. Iizdian Chem. 
sot., 57 (1980) 286. 
56 (i979) 925. 

(m) S.K. Agacwil and R.C. Saxena. d. Indian Chem. Sot.. 
(n) V.G. Korshak: E.E. Danilenko, V.V..'Ikachevskii, M.T. Bryk, 

G.bI. Tseitlin and M.S. Ustinova, DokL. A&&. Nauk, SSSR, 248 (1979) 1160. (0) 
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(X = Cl or Br) in Ccl0 or CSZ to give [Fe(acac)2(0&R)] or a mixture of 

[Fe(acac)zX] and tFe(acac)Xz] respectively [217]. The electrochemistry of 

[Fe(acac)s] and [Fe(hfacac)3] have been studied [218]. The rhenium canplexes, 

(45), react with [Fe(CEt)l] to give a tris-metallo chelate of iron [219]. 

(45; R = Me or CHXez) (46) 

Iron(II1) also undergoes reversible association with [Ck(e)2X(H,0j]n+ (X = 

h!e, n = 0; X = H20, n = 1) in which the iron atcm replaces the proton of the 

O-H... 0 groUp (46) (2201. 

[Fe(sz&en)] reacts with 1,2_naphthaquinone, 9,10-phenanthraquinone or 

3,5-di-t-butyl-1,2_benzoquinone to give [FeI" (salen>(l,Zsq)] (sq = a semi- 

quinone radical anion). All of these are high-spin complexes with peffw4.9 uB, 

and can he viewed as containing coordinated semiquinone radical anions, the 

unpaired electron of which is antife rrcmagnetically coupled with the five unpaired 



electrons of iron(II1) to give an S = 2 ground 

The high-spin caaplexes [FeL6]Xg (L = urea, 

(C3i,)3-urea (i.e. perhyciro-pyrimidin-2-one) or 
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state [221]. 

1,3-Mez-urea, 1,3-Etz-urea, 1,3- 

imidazolidin-2-one: X = ClOk or 

Br) and cis-[FeL,,(H20)2]C13_2Hz0 (L = 1,3-(CH2)B-urea} have been prepared, and 

the crystal structure of the last of these reported 12221. 

Direct oxidation of metallic iron in the donor-acceptor media, CCl,/L (L = 

dnso or dmf) gives c~s-[F&~~(~IRso)~], 2~eC1~.3c?mso, C~e~l(~k~so)~lC~e~l~l~, 

[FeCl(dmso)s](Fe#Z160], cis-[FeC1p(dmf)4]f.FeC1,] [137b]. rFe(NO3)3(dihexyl- 

sulphoxide)j] has also been reported. The octahedral canplex contains unidentate 

nitrate groups [223]. 

The polymeric ccinplexes, [FeLnXs] (L.= triallylphosphate; n = 1. 2 or 3; X = 

ClO*, Cl, NCS or N03) have been prepared by reaction of poly(triallylphosphate) 

with the appro.priate metal salt [173]. [FeL3] (L = mnoisooctylphenyl-, mono- 

iscoctylmethyl- or ethoxymethylphosphonate) have also been reported [2241. (Xher 

U-donor ligand cunplexes of iron(II1) are listed in Table 2. 

1.7.3 Complexes with S-donor tigands 

Electrochemical studies of [Fe(SKNEZ2)3] (NE2 = pyrrolidino) have shown that 

both one-electron oxidation and one-electron reduction can occur in most solvents 

12251. The ccmplexes [FeX(SKNR,)2] (X = Cl or I), [Fe12(S2CNR2)] (NR2 = 

pyrrolidino) and [Fe(SCCNR'2)3] (NE':! = morpholino, pyrrolidino) have been 

prepared. The last of these shows a spin equilibrium [226]. A structural. 

study on [Fe12&C(p_yrollidino))2] has showh the canpound should be formulated 

as [FeI{S2C(pyrollidino)}~].0.51~ containing a distorted square pyramidal 

coordination sphere, with the iodine atan in the apical position [227]. A similar 

structure has been dmnstrated for [Fe(NCS)(S2CNEt2)2] [228]. h13 calculations 

for [FeX(S2CP&)2] ccmplexes, showing the existence of both lowspin and 

intermediate-spin ground states, have been reported 12291. 

Thelowspin complexes, [Fe(Hdtb)ns] (Hdtb = 2,Pdithiobiuret; PZ = 1 or 3; 

X = Cl, Br, I or $[so,,]) have been isolated and contain chelating Hdtb ligands 

[177]. 

1.7.1’ ConpZexes wir;h mixed donor Zigands 

The ligand (47; HAL) forms the very stable canplex [Fe(BL)C12], which on the 

&(==* 

2 
(47) 
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basis of a stability constant of ca. 1030 has been suggested as amdel for 

biolcgical iron carriers (see Section 1.9.4). The molecule may exhibit octahedral 

[NIO(phenolic)C1~(C&)] coordination or may be an octahedral dimr [230]. &ZC- 

en-N,k"-disuccinic acid (HbL') form the canplex Na[FeL'].2HzO for Which the 

seven-coordinate structure (48) has been suggested [231]. 

(48) 

The Schiff base formed fran substituted salicyialdehydes (substituents = !%3r, 

4-bk0, 3-Et0 or 3,5-Clz) and 2-minobensyl alcohol (H2L) foxm the ccmplexes 

[Fe(L)Cl] in Which the Schiff base is tridentate (OAU). The cuuplexes are, 

however, dimeric With bridging alcoholic 0 atans completing square pyramidal 

gecmetry at each metal atan, and display antif erramgsetic exchange (uefi = 

4.37-4.55 us) 12321. The Schiff base foxmed fran 5-phenylamsalicylaldehyde 

and aniline (I&') forms a four coordinate [Fe(L')Cl]Cl canplex in Which the 

chramphore is {FeMAVCZ), rather than the expected (FefJ202}. Again the ampouhd 

is either dimeric or polymeric [233]. 

Reaction of aqueous or alcoholic FeC13 With glycine (Hgly) in the presence 

of glycinate gives [Fe30(gly)6(H20)3]C1.3Hz0. IR data suggest the cunplex 

wntains bidentate MXxmded glycinate ligands [334]. Other mixed donor ligand 

canplexes of iron(II1) are listed in Table 2. 

1.7.5 MisceZZaneous 

Experiments have been perfoti to test whether the Widely reported reduction 

of iron(II1) umpouuds under cunbined hydrostatic pressure and shear stress is 

due to either one or both of these factors. With K,[Fe(C?Q6], there is no 

evidence for hydrostatic reduction, andthusthephenanenonmstbedueto shear 

[235]. 

1.8 CXXlPLEXES EXHIBITING SPIN EQUILIBRIA 

Thisyearhasseenanumberof importantanddetailedstudiesonspinequil- 

ibria in iron cunplexes, andthese aregatheredtogether here. Thesix-coordinate 

canplex [Fe(phy)n][C10r]2 (phy = 1,10-pheanthroline-2-carbaldehydephenylhyde) 
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exhibits a 'T2-l A1 spin change in the solid state that is accanpanied by a 

crystallographic change. This crystallographic change arises fran formation of 

independent damins by both 'T2 and 'A1 molecules. The magnitude of the damins 

is about 5000 L! 12361. Cunplexes such as rFe(S2UW2)s] (MR2 = mrpholino) have 

previously been shown to exhibit a plateau in the transition fran S = % to S = 

3 at S = %. A detailed study of such behaviour in the cunplexes rFe(Xsal~eeaH)~]Y 

(Xsal+enH2 = Schiff base famed fmm condensation of salicylaldehyde (X = H), or 

its methoxy derivative (X = OMe), with Ill-ethyl-l,%diaminoethane; Y = [~a], 

[PF6] or [aPh,,]> has now been reported. For the cunplex with X = H, Y = [PFG] 

there is a gradual, but complete crosso verfrcmS=%toS=+,butthose 

cunplexes with X = H, Y = [NO,] or x = me, Y = [BF,,] show plateaux at 3.03 u9 

(below77K)correspondiugtoS= %. It was found that the plateaux could be 

induced by grinding the samples, although it is not observed in the samples when 

originally prepared. The plateau could also be revved from a samPle by 

dissolving and reprecipitating the ground sample. It was suggested that formation 

of a plateau in a spin transition can be explained by the nucleation and growth 

mechanism of phase transitions of solids [237]. 

There have been a number of closely related studies of the [Fe(2-picolylamine)o]2+ 

cation. A structural study of the dichloride dihydrate, which has the J%C- 

gecmetry and is low-spin, shows an average Fe-N distance of 199.7 p at 115 K. 

The structure has an extensive thre+&mensional hydrcgen bonding network linking 

uncoordinated water molecules, chloride ions and all six amine hydrogen at-. 

The diiodide shows tm crystallographically independent isaners. The 

unsymnetric mer-isaner is high-spin with an average Fe-N distance of 220.0 pn, 

while the fat-isaner has an average FeN distance of 206.4 pn and exists as an 

interconverting mixture of high- and low-spin species it roan temperature. In 

this case the mcr and fee isaneric cations are linked by hydrogen bonding between 

iodideionsandaminehydrogen atans. The dichloride monanethanolate has been 

examined by X-ray crystallography at five different temperatures. Spin isaners 

have been resolved by their Fe-N distances at intermediate tanperatures and these 

are in excellent agreement with the values obtained at the high and low tanperature 

limits (F(Fe_N) = 201.6 pn at 115 K and 219.8 pn at 227 K}. At 115 K and 227 K, 

the sample was 96.4% and 16.4%, respectively, in the low-spin state [239a]. A 

similar study of the dichloride nonoethanolate at 298 K shows it to be high-spin 

{F(Fe-N) - 219.5 pn}, while at 90 K it is l-spin (F(Fe-N) = 201.3 p)_ The 

solvate ethanol molecule is hydrogen bonded to the chloride ions which, in turn 

are hydrogen bonded to the amine hydrogen atans. In the high-spin form, ethanol 

exhibits orientational disorder, while in the l-spin state it adopts a regular 

arrangetnznt. The structure has also been determined at 150 K, at which tenperature 

the spin transition begins to take place. Here the daninant site of disordered 

ethanol n~lecules has about SC% occupancy,.but the.Fe-N bond lengths have changed 



very little. It was suggested that ordering of the ethanol mlecules appears to 

act as a trigger to the spin transition_ In the case of the methanolate discussed 

above, the spin state transformation occurs more gradually. It is thought that 

the ethanol solvate contains d&ns canposed of like spin states, consisting of 

about five hundred cunplex cations [239b]. 

NM studies on a range of iron(II1) porphyrin perchlorates in non-coordinating 

solvents are anomalous when canpared to other iron(II1) porphyrin species. 

hleasurements supported earlier solid state studies, suggesting a quantum 

mechanical admixture of S = 3/Z and S = % spin states rather than a thermal 

mixture. The most likely ground state configuration for the S = % state is 

(d_J2(dZ8 Cdxz.dyz)z- Such aninternxzdiate-spin quantummechanical admixture 

has been previously invoked to explain the unusual EPR spectrum of ferric 

cytochrane cm [240]. 

Electroreduction of [Fe((Xsal)2trien)]+ (X = H, BOZ, ChIe, Br, Cl; (XziL)ztrienH1 = 

Scbiff base formed by condensation of substituted salicylaldehydes and triethylene- 

tetramine) has led to the behaviour outlined in Schane IX [241]. 

(SC = spin change, et = electron transfer, 1s = low-spin, hs = high-spin; e-u. = 

J mol 
-1 

K-l) 

SCHRME IX: Spin equilibria for [Fe((XsaI)atrien)]+. 

[Fe(HBPz3)] {BBPza = hydrotris(pyrazol-1-yl)borate) shows a reverse spin 

equilibrium at high tanperature, (296-463 K). That is, it is transformed fram 

low-spin to high-spin 12421. Use of isotopically labelled iron has allowed 

assignments of the Fe-N stretching frequencies of both high- and Iow-spin forms. 

At intermediate temperatures, bands arisingframbothspin foxus areobserved. 

1.9 lNORGANIC BICXXEMISIRY OF IRON 

Work in this area has continued to increase in volume and, as last year, the 

coverage given here is aimed towards those studies that illuminate the r61e of 

the metal in natural systems, as well as work on model conpounds. ITor 

convenience, all Iwork or iron porphyrin cauplexes is included in this section. 
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7.3. I Compiexes and enzymes containing iron porphyrins 

~FeU'PP>l. a porphyrin complex with an S = 1 spin state (uaifw4.4 u,), ws 

first reported sane years ago by Collman and cowrkers, but an understanding of 

the details of the electronic arrangeznent for this spin state refnains sparse. 

For example, it is not known why weif is so high. 7% group have now reported 

detailed exannnations of this problan. Buckingham and couorkers have measured 

the magnetic susceptibility and magnetic anisotropy of single crystals in the 

range 4-300 K. Detailed ligand field calculations give a satisfactory 

explanation of the data, and indicate dZ z is the lowest lying orbital with a 

ground state of 3A2, followed by the 3E and 'B levels in ascending order of 

energy [243]. H&pelter e& aZ. have investigated the temperature dependence of 

the paramagnetic shifts in the 'H Z%IR spectra of a range of newly synthesised, 

substituted Tl?P canplexes in which both faces of the tetrapyrollic ring are 

strictly controlled. Pseudocontact and contact contributions to the hyperfine 

shifts and their temperature dependence have been interpreted in terns of a 

node1 with tw possible electronic ground states. The nature of the ground 

state depends critically on the energy of d,2 relative to the degenerate d 
XY 

andd orbitals, and in roost cases the ground state is 'A 

by thrclose lying 3E excited state [244]. 
28 

strongly perturbed 

Enthalpies and free energies of ligand addition to tFe(TFP)j has been 

determined by variable tsnperature electrochsnistry and these show a linear 

relationship to the pKa values of the ligands (py, 4-Mepy or 3-Xpy (X = CN, Cl, 

Br or Me)), iihile the entropy values rtxrnin constant [245]. 

A structural study on [Fe(meso-TPP)(thf)2] has shown the complex to be six 

coordinate with the metal atan located rigorously in the plane of the fZt,bCOM!r 

This is thus the first exception to the generality that high iron 

porphyrins are five coordinate with large out-of-plane iron displaconents f24S]. 

~FeU’BzP)(PY)21 UB~Z = tetrabenzylporphyrin) undergoes one electron osidation 

to ~Fe(TBzP)(py)2]C [247]. The con@ex, ~Fe*l(W-G-TPJ?)C1~ has been prepared 

and this has a methyl group bonded to one of ligating ?&-atoms, thereby restrict- 

ing axi;il coordination of the iron atan on one side of the ring and stabilising 

FefII) with respect to Fe(III) (its oxidation potential is +0.49 V (US. BCE) 

ccnnpared to -0.29 V for [Fe(TPP)Cl]). Cyclic voltannetry shows that, unlike 

for [Fe('IlT)], oxidation is reversible. A structural study show distorted 

square-pyramidal coordination with r(Fe-H&e) = 232.9 pa and r(Fe-Nethers) = 210 pm 

C2481. 

Elblecular wchanisns of Bb cooperativity have been studied by flash 

photolysis, and the results imply that either the spin state of the iron atan 

is not the only major factor in the determination of its position with respect 

to the bane plane, or the change with confomnation of the protein, exerted via 
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the proximal histidine on the iron, is less than 50%~ of that expected frcxn 

models [249]. A systematic correlation of the visible and Soret spectra of 

five-coordinate porphyrin canpleses and their O2 and CO adducts with those of 

Rb, Hb(O;?) and Hb(C0) suggests that the iron atom is more easily distorted fran 

the heme plane in the O2 complexes than in those with CO. Also the proximal 

histidine is restrained by the protein in both the liganded R states of Hb and 

bib giving relatively weak Fe-N bonds. Coordination of O2 or CO and transition 

to the T state results in the iron atom being forced towards the histidine, 

thereby strengthening the Fe-N bond and introducing strain in both the heme 

complex and the protein [250]. 

bleasurements of the rates of CO binding to iron(I1) porphyrins have been 

used to examine the different factors proposed for protein control on heme 

reactivity. The results indicate that electronic control through 'TT donor- 

acceptor interactions with the porphyrin ring are not important, but that 

hydrogen bonding to the metal bound imidazole can have a powerful influence on 

reactivity [251]. The ratios of Pa(CO)/P3(NO) have been measured for horse Mb 

and (I':-hIeimid)protohe and are vastly different to that for model systems, 

providing further evidence for the interaction of CO with the protein chain 

in Mb [252]. 13C NhlR spectra of crystalline and solution state samples of 

[Rb(A)(CO)] suggest that the structure is the Sara in both states, in accord 

with previous IR studies [2X3]. 

The structures of the picket-fence porphyrin canplex, [Fe(TPivPP)(2-hleimid)].EtOH 

and its O2 adduct have been reported. In the deoq cunpound, r(Fe-NpP,) = 206.8 

and 207.5 and P(F~-N~~~~) = 209.5 pn. In the oxy cmplev, F(Fe-N& = 199.7 

and 199.5 and '(Fe-Nimid) = 210.7 pn. The iron atom is 39.9 pn out of the (PII+} 

plane in the former canple?c, whereas this value is reduced to 8.6 pm in the oxy 

form. The important parameters of the {Fe(Oz)) unit are r(Fe-0) = 189.8, 

~(0-0) = 122 l-m and Fe& = 12ga. In the presence of ethanol, the deoxi canpound 

binds O2 reversibly and non-cooperatively, and with a lower affinity than when 

the sample is desolvated. In the latter case, binding in cooperative. Thus, 

these are possible models for the T-state deoxy and oxy forms of Hb [254]. 

Resonance Raman spectroscopy has been used to assign the Fe-O stretching 

frequencies in [Fe(TPivPP)(L)(O2)] (L = l-Meimid, 2-bleimid, 1,2-W imid) at 25O 

and -70 OC. The results suggest that the O2 affinity is similar to that of Mb 

or R-state Rb when L = 1-Meimid, and similar to that of T-state Hb in the other 

cases [255]. 

Collman and coworkers have now moved to the synthesis of tailed picket fence 

porphyrin complexes, (49). Adducts with 02, CO and r'l-bfeimid have been prepared 

[256a]. Traylor et al. have reported a similar canp1e.x (50) in which the pendant 

ligand is linked to one of the pyrrole rings and which displays properties 

similar to those of R-state Hb [256b]. [FeCmeso_tetra(anthracenyl)por)(imid)21 
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(49) 

R = <CHz)bimid, <CHz)3imid, 

(CH2 1 sSbfe, cm NH(CHz)3imid (50) 

takes up diosygen at room temperature with oxidation to iron(II1): at low 

temperature an 01 adduct is formed [257]. Iron(I1) deuteroporphyrin has been 

attached, via an imidazole axial base, to polystyrene and wdergoes several 

reversible dioxygen uptake cycles without noticeable irreversible oxidation 

to iron(II1) [258]. An attempt has been made to use globin as a sterically 

hindered environment for Fe-O2 complex formation by binding in the simple 

macrocycle (51). This was achieved by treating globin with [FeL(02CMe)], and 

one molecule of iron complex only was bound to one globin unit. Cooperativity 

is observed for the binding of (FeL} to apoherroglobin, an observation not 

previously demonstrated for heme binding. The (FeL} unitwasshowntooccupy 

the same site in globin as a heme and to take up O2 and CO [259]. Oxygenation 

equilibrium curves have been reported for a tetrametric Rb with iron(I1) in the 

a sub-units and cobalt(I1) in the 9 sub-units, and vice versa [260]. There has 

been considerable interest in capped porphyrin canplexes. Thus, the ccxaples 

<52) with an antbracene bridge across one face of the porphyrin and a pyridine 

bridge across the other has been synthesised. This mimics Rb in that it has a 
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(52) (53) 

hydrophobic pocket and takes up dioqgen reversibly. It also takes up CO, but 

like natural systems (and unlike other model systems) this CO can be replaced 

by 02 12611. The canplex [Fe(cap)] {cap = (53; zz = 2)) contains a capped 

porphyrin ligaad and can bind ah avial ligand only on the vacant side of the 

porphyrin plane, but if the volume cf the cap is increased by using the 

hanologous capped ligand, {hcmcap = (53; z = 3)), then tm;o saall ligands can be 

bound in axial positions to the metal atan. The O2 binding constant of [Fe(cap)] 

is larger than that of [Fe(hcmcap)], but in both cases the 02 affinities are 

appreciably lcmer than those of other porphyrin cunplexes. It is thought that 

this is because the caps provide a steric constraint on rmvement of the metal 

atan fran the stable out-of-plane position to the in-plane 02-bound position. 

Evidence ms found for the novel seven-coordinate ccmplexes [Fe(hcmcap)Lz(O2)] 

(L = 1-Neimid) and its CO analogue and it is believed that one L ligand and 0~ 

(or CO) occupy axial sites with the other L ligand showing off-axial binding 

[262]. The low spin adducts [Fe(cap)L] (L = PRu3, P(ORt)a, or PhCH2NC) have 

been isolated and add to the previously small number (only [Fe(TPP)(NO)] and 

[Fe(TPP)(CO)]) of low-spin five-coordinate iron porphyrin adducts [263]. 

Addition of excess pyridine to aqueous protohem leads initially to the 

formation of a bis(pyridine)heme dimar \%hich does not fully mnanerise until 

the pyridine concentration is bettveen 2 M and 3 M. Reaction of the dimer with 

dioxqgen was examined and this leads to formation of ah iron(III)-containing 

product, formed by an outer sphere mechanism with no evidence for the intermediacy 

of an Fe(X)-02 omplex [265]. 

The reaction of superoxide ion with [Fe(Por)Cl] (Par = TPP or OEP) in Canso, 

&so-py, MeCN-py or PhCHl-py gives [Fe(Por)La] (L = &so or py) and 02. However, 
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at -50 "C in dnf-py, [Fe(TpP)(py)(Oz)] is famed, and in wet solvents at ambient 

temperatures, [{Fe(Por))zO] is obtained. A new species was also observed fran 

the reaction of iron(I1) and [Oz]- and, although it could not be isolated, some 

of its reactions suggest it could be the high-spin iron(II1) peroxo canplex 

(54) 12661. Ferryl-Mb is a peroxide hemoprotein that contains iron( and this 

N -Fe-N 

I 
L? 

(54) 

can be reduced by y-irradiation at 77 K to a novel low-spin iron(II1) compound. 

This, in turn, underwent a higher tsnperature transition to high-spin iron(II1) 

probably via transient low-spin and S = 72 forms [267]. A kinetic study of the 

reaction of aqua-Fe(III)Mb with H202 at pH 8 suggests the reaction mechanism 

shabn in equations (7)-(g) in which the intermediate R is believed to be the 

Blb(II1) + H202 -Intermediate X (7) 

Intermediate X + HZOZ -1ntemate R (8) 

Intermediate R -MJ(III) (9) 

iron species. Resonance Raman spectroscopy of the intermediate R suggests 

that the iron centre is low-spin, and a comparison with similar spectra of 

mxlel canpounds indicates that r(Fe-Npcr) = 208 and r(Fe-Nimia) = 209 pn, and 

that the iron atcmn is 53 m above the {IIlL.) plane [268]. 

Traylor and Beninis have prepared the iron(II1) cationic form of their 

tailed-porphyrin complex (50) and this mimics the behaviour of horseradish 

peroxidase [269]. ‘Am further studies of tailed-porphyrin iron(II1) canplexes 

have appeared. In these cases the tails are C6H,,NIEO(C'H~)~imid and 

CsHrO(CH2)rimid groups which replace aryl groups in tetraarylporphyrins. NMR 

studies on these complexes indicate that the tension in the tail is important 

in dictating the electronic properties of the canplex [270]. 

The X-ray crystallographic structural study of [Fe(OKP)(ClO,)] has shown it 

to be canposed of dimeric units in \\hich the two iron(II1) porphyrins have a 

face-to-face contact with a closest approach distance of 356 pn between me-so-C 

and pyrrolic c-C atans on different porphyrin molecules. The iron atans are 
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displaced 26 pn frm the mean EN,,} planes. This dimerisation is explained by a 

weak n-ii* interaction. The complex has an S = ?z ground state [nl]. The EPR 

spectra of high-spin iron(II1) porphyrins show an absorption, in addition to 

the main signal, which is remarkably sensitive to concentration, solvent, pR 

and temperature, and this has been interpreted as belonging to a dimeric form. 

In the case of some pmphyrins, a further signal is observed in alkaline solutions 

which is assigned to a dimer with a very long Fe-.-Fe distance, as well as a 

skew angle [272]. 

[Fe(OEP)(3-Clpy)2][C10,] also shows a high-spin -low-spin equilibrium 

‘and a structure determination at 298 K has shown that the Fe-N distances 
Par 

are midway between those of typical high-spin and low-spin canpleses [273] _ The 

new type of mixed axial ligand canplexes, [Fe(OEP)(RCBI)(amine)]Cl (R = Me, Et 

or Pr; amine = pip, pyrrolidine, Et3N, aziridine, 4-Mepy or 1,2-&e imid), have 

been reported and suggested as models for aquamethanoglobin and aquametmyoglobin 

[274]. Stability constants for the interaction of [Fe(PPIXDNE)Cl] and 

imidazoles have been determined [275]. 

A complete assignment of the 13C NhlR spectra of [Fe(TPP)X] (X = Cl or I> has 

beenmade [276]. Examination of the 'H NMR spectra of a series of five- and 

sis-coordinate high-spin iron(II1) porphyrins has led to the suggestion that 

the ratio of shift of the pyrrole protons to that of the methyl protons may 

serve as a useful indicator of the state of occupation of the sixth site in 

high-spin h-proteins [277]. A kinetic study using 17O NblR has been made of 

the exchange of later with water soluble iron(II1) porphyrins [279], 

In an examination of the possible importance of partially or totally 

deprotonated imidazole ligands in h-proteins, Reed and cowrkers have isolated 

[Fe 111(TPP)(imid)2]-, [Fe11(TPP)(imid)2]2- and [Fe"(TPP)(2-Meimid)]- (imidR = 

imidazole) [279]. 

[{(TPP)Fe)zN] is the only u-nitrido cun~lex of the first row transition 

metals, and its resonance Raman spectrum suggests that both iron atans are 

trivalent, whilst its EPR~spectrum locates the single unpaired electron in an 

orbital of essentially (n-N) character [ZSO]. In the absence of any added base, 

this dimer is electrochemically reduced at +0.17 V (us. SCE) to [{(TPP)Fe),N]-, 

and at -1.13 V (us. S!E) to the dianion. Addition of substituted pyridines 

causes negative shifts in the potentials of the first reduction \vave [281]. The 

Fe 2~~~ and N Is binding energies of [((TPP)Fel.N]. [E(TPP)Fe)201 and [Fe(TPP)X] 

(X = Cl, Rr, N3 or [ClO,]) have been determined by XPJZS and correlate well with 

E 
t 
values for reduction of the ccmplexes in non-coordinating solvents. On the 

basis of this study, the u-nitrido cunplex is assigned a low-spin configuration 

12821. 

Electrochemical oxidation of [((TpP)Fe},O] to both a monc+ and dication has 

been achieved. The former contains an CFer" -0-Fexvl unit, but the latter may 
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be either {FelV-O-Felv) or rFelv-O-Felll-(Port)}. Similarly, oxidation of 

[Fe(TPP(O%k)WA] leads to a species, the metic mxnent of which is consistent 

with the presence of iron( However, the formation of an iron(III)-porphyrin 

radical cation could not be ruled out [283]. Previous studies have suggested 

that [((TPP)Fe)20]+ can be formed by chemical oxidation of the neutral dimer 

with H[BF,,]; however, it has now been shown that the product of this reaction 

is a mixture of [Fe(TPP)F] and [Fe(TPP)(BFs)] [284]. Electroreduction of 

[Fe(TPP)X] (X = Cl, [CIOx] or [ClOti]) in the presence of substituted pyridines, 

L, can besumnar ised as shown in Scheme X [285]. Treatment of [f(TPP)Fe)20] 

[Fe(TPP)Cl]~[Fe(TPP)L~]CI 

,:11.:, 
e 

*[Fejj;:;, 

SCRENE X: The electrochemistry of [Fe(TPP)Cl]. 

with H2[S04] gives the high-spin canplex. [Fe(TPP(SO > 
4a 

I 

The monooxygenase enzyme cytochrome P-450, and models 

continue to attract considerable attention. An analysis 

[2S6]. 

for its behaviour, 

of the spectral and 

ligation data for native cytochrcxwe P-450cam from PeeudoKo?zcs prctkia and four 

synthetic analogues has been presented, and this emphasised the unique 

characteristics of the thiolate ligated heme: a simple method for the purification 

of the heme centre fran cytochrane P-450 was also reported [287]. AnETEOR 

study on cytochrome P-450 cam obtained from P.ssudomon~~ pxida has examined the 

native, substrate-free, low-spin iron(II1) centre and the high-spin iron(II1) 

unit in the enzyme-substrate component. The former shows the presence of at 

least one strongly coupled exchangeable proton attached to an axial ligand, 

while the latter shows no evidence for the presence of coordinated histidine 

or water, indicating this is a five-coordinate iron(II1) centre [288]. 

Examination of the spin equilibria and redox potentials of cytochrane P-450 from 

rat liver micr osanes has shown that the main effect of drug binding is alteration 

of the redox potential by modification of the iron(III)-heme spin equilibrium 

C2891. 

The reduced state of chloroperoxidase has spectral properties very similar 

to those of reduced cytochrcme P-450, and their CO adducts are also very 

similar. These properties are mxlelled by [Fe(TPP)(SSt)]- and [Fe(TPP)(SSt)(CO)]- 

respectively_ The former model is high-spin and five-coordinate, and the metal 

atan is 52 pn above the iN,) plane towards the SEt ligand. The latter is lowspin 
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decomposition outlined in Scheme XI was advanced. Similar behaviour was observed 

for TPP, T-4(bkO)-PP, QEP and DPIzIDJiE. The ferry1 intermediate [Fe(Por)O] has 

[Fe"(Por>] + O2 e [Fel'(Por)Oz] [Fe"(Por)] -[(Por)Fe-O-O-Fe(Por)] 

[(Por)Fe-G(TFe(Por)] - 2[Fe'"(Por)O] 

[Fe'"(Por)O] + [(Por)F e-O-O-FeWor)] -[(Por)Fe lll-O-Felll(Por)] + [Fe"(Por)O2] 

[Fe"(Por)O2]e[Fe II(Por)] + 02 

[Fe'"(Por)O] + [Fe"(Por)] -[(Por)Felll-O-Felll(Por)] 

[Fe'"(Por)O] + [Fe"(Por)O,] -[(Poz-)Felll-GFelll(Por)] + O2 

Sm?%g XI: Mechanism for the formation of [C(T-3-lP)Fe}20]. 

been isolated at low temperature, and shows a magnetic mxnent in solution of 

2.9 pB at -52 OC, \bh.ich is invariant down to -90 OC: no EPR signals were 

observed for a frozen solution at 77 K. The derivatives, [LFe(Por)O] (L = py, 

pip or &&kid> were also prepared. At -80 OC, this ferry1 canplex quantitatively 

converts PPh:, to 0PPh3. At 25 OC, [Fe(Por)] catalyses the oxidation of PPh, by 

molecular oxygen, the final metal containing product fran this catalyzed reaction 

being [(Por)Fe-CkFe(Por)]. Both [Fe(Por)Cl] and [Fe(Por)Lz.] are inactive in 

this reaction and the involvement of the ferry1 intermediate as the active species 

is Postulated [298]. 

Groves has studied the cmene hydroperoxide dependent oxidation of cyclohemne, 

catalysed by cytochrane P-450, and yielding cyclohesene oxide and cyclohexenol. 

Use of [FeCl(TPP)(PhIO)] and [CrCl(TPP)(PhIO)] give the same products and on the 

basis the scrambling of deuterium labels when deuterated &HI0 is used; a rcechaniszn 

involving caged radical intermediates has been advanced [299]. 

It is possible that cytochrane P-450 can rtetabolise halogenated compounds by 

initial formation of R-X=0 and this reaction has been demonstrated with labelled 

Phi [300a]. Others have shown the [M&~>] radical to reduce [Fe(DPIX)]+ to 

[Fe(DPIX)], but that the iron(II1) cation does not react with [CHa+Cln]- 

radicals fraa Ccl,,, CHCIB and CR2C12. However, the iron(I1) Porphyrin does 

react rapidly with these radicals, and this has led to the alternative suggestion 

that this may be the method of detoxification of polychlorocarbons [300b]. 'IM 

studies of [Fe(Por)(CXz)] canplaes suggest that such carbene intermediates may 

also be involved [301]. [Fe('IPP)] has also been shown to react with PhCHzECC1-J 
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to form the carbene [Fe(TPP){C(Cl)SC&Ph)]. On treatment with iron(I1) chloride, 

this yields [Fe(TPP)(CS)], lshich can also be obtained fran [FeUPP)I and Cl&S. 

Such behaviour has now been emended to the selenium analogue as Shmn in Scheme 

XII [302]. 

[Fe(TPP)] + PhCH&CClz 

II L 

bWl”PP)(cSe)Ll 

SCHEME -XII: The formation of sane carbene and CSe derivatives of [Fe(TPP)] (L = 

EtOH, IGh!eimid or pyy). 

Ccmpound II of horseradish peroxidase and campound II of catalyse'are both 

believed to contain an iron porphyrin in the form an (Fe03 or {Fe(a)) 

complex. Canpound I of both enzymes can be considered either as radical cations 

of the Porphyrin of compound II, or as a formally iron(V) species. 

[Fe(TPP){C=C(C6H4-4-C1)2}] has been suggested as an analogue to the canpounds II 

and this can be cxidised by iron(II1) or copper chloride to a canplex with 

spectra analogous to the canpounds I. However, the structural details of this 

osidised canplex are still not clear, the choice lying between those shown in 

(55) 13031. 

Nt N N 

I 
cl- Fe'"ZY 

I 
Cl -Fe’“-y. 

I 
N 

(55; .Y = ~C=C<C~H~-4-C1)2)) 

I 
Cl-Fe"'-Y 

I 
N 

N'MR has been used to study the metal environment in iron(III)-horseradish 



51 

perosidase and indicates five coordination with a distal imidazole, but no Hz0 

or OH group at the sixth site 13041. High field 'H XMR of the iron(II1) resting 

state of horseradish perosidase is consistent with appreciable S = 72 character 

in a quantum mechanically mixed spin state (see also Section l.S). All the 

resolved resonances were accounted for by the porphyrin and the imidazole ligand, 

although these workers could not definitely rule out the presence of a sixth 

ligand. The estremely slow e..change of bulk later with the histidine proton of 

the imidazole, and the absence of deviations fran Curie behaviour of the 

porphyrin vinyl and propanoic acid proton hyperfine shifts, indicate a buried 

heme crevice which is more rigid than that in metmyoglobin [305]. 

Resonance Flaman spectroscopy of the yeast cytochrome c-perosidase - Hz02 

caqxxnd support previous studies that indicate the presence of a low--spin 

iron(N) heme centre ]306]. On the basis of a 2.5 A electron density map of 

cytochrcxne c-osidase, a histidine side chain has been identified as the fifth 

ligand with tryptophan, histidine and arginine side chains near the sisth site, 

but water as the sixth ligand. The iron atcrn is 30-50 pn out of the IG41 plane 

towards the histidine [307]. 

A resonance Saman study of rFe(CEP)L(CIO1,)] (L = py, py-4-CHO or py-4-CN) and 

[Fe(OEP)(dnso)2]+ suggests that the unusual spectrum obtained from neutral 

cytochrane c' can be attributed to coordination of a carbonyl or carlxxyl group 

at the sl--ith site with histidine as the fifth ligand [308]_ 

A ccmparison of the kinetics of the reactions of [CN]- and [N,]- with Mb, and 

with the octapeptide model system derived frcxn cytochrane c, has shown that 

(contrary to previous suggestions) steric effects appear to be energetically 

unimportant in these systems, while electrostatic effects and conformational 

effects daainate the ligation kinetics [309]. In a study related to the function 

of electron transport chains, [Fe(TPP)] has been shown to react with 1,4-quinones 

to give iron(III)-containing dimers of the form show in (56) [310]. 

(56) 

TWI groups have examined model caqxxnds for the iron isobacteriochlorin 

prosthetic group (siroheme) observed in nitrite and sulphite reductases, \\hich 

have been shown to be the site of interaction of the substrate and the electron 

transport chain. Helm and coworkers have prepared chloroiron(II1) octaethyl- 

isobacteriochlorin, (571, and have shown that the cunplex obtained by replace- 

ment of Cl by SAr gives rise to an EPR spectrum that is closer to that of the 
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(57) 

natural system [311]. Chang and Fajer have prepared dimethyl-gem-octaethyl- 

isobacteriochlorin (I&) and have isolated the iron derivatives, [Fe III(L)Cl], 

[Fer1(L>(py)2], [Fe"(L)(py)(CO)], [Fell(L)(l-bIeimid)z] and [Fe"(L)(l-Edeimid)(CO)]. 

This macrocyclic skeleton has an extremely low oxidation potential, and so 

oxidation of the iron canplexes may involve loss of an electron fran the ring 

rather than fran the metal. Thus, the reductases may utilise Tr-radical cations 

similar to those suggested in catalyse and horseradish peroxidase [312]. 

Finally, in this section, discrepancies in the observed and calculated 

diamwetic corrections for 'PP have been ascribed to iron impurity in cunnercial 

samples of the ligand [313]. 

1.9.6 * Cytochrome ox&&se .and Fe-& conkzining model compounds 

Cytochrcs~ oxidase is a two heme centre, tw copper centre containing enzyme. 

Low temperature EPR spectroscopy accunpanying the reaction of fully reduced 

cytockans-c-oxidase with dioxygen has sborvn the presence of only tivo signals. 

These are attributable to larv-spin (cyto chrane a)3+ and (CuA)2+. At the 

ccmpletion of the reaction, 100% of c"* is in the 2+ state, but only 40% of 

cytochrome a was present as knv-spin Fe 3+ _ A mechanism for the reaction 

involving four intermediates has been advanced. The initial intermediate (I) 

contains (cytochrane a)2+ 

(cytochrane a)3+ 

and (Cu,)'; intermediate (IIA) contains low-spin 

(tiA)2+ (i.e. 

and (&A)+ and intermediate (IIB) contains (cytochrane a)2-c and 

identical total electron counts). Intermediate (IIB) is stable, 

but (IIA) proceeds to (III), which contains lowkpin (cytochrane a)3t and 

(Cu*)2+ 1314,3151, 

A similar study of the low temperature reaction of mixed valence state 

cytochrane-c-oxidase {a3+.C!u '+.C!u + A B -a3 2+} indicates that cytochrane a and CuA 
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remain as a3' and CuA2+ in a reaction involviug three intermediates. On the 

basis of these studies a mechanism of the action of cytochrane-c-oxidase has 

been advanced, and this is shown in Scheme XIII [314,315]. 

1 a3+ 
'c"A 

24 [clga315’ 

2HzO 

+ 

4H+ 

[ 

a3+ 
cu2+ [Cy.p3021 + 

1 

-1 

.I 

[ 

3c 

&*+ 
[&a3021 2+ 1 

e E a2+ 
* cu 2+ I%a315+ 

A I e * [<+ bjp,P+] 

I 
$i+ rCy302 1 3+] 

/' 1 

[ 
a3+ 

mA 
2+ CcugaJ3+ 

I 

e- 

I 

02 

C a2+2+ [&a30213+ _ 
c"A I - [ 

a3+ 

mA 
2+ [Cyp3021 3+ 

I 

SUEME XIII: Proposed mechanism for the action of cytochrcme- c-oxidase. 

On the basis of EPR and other evidence, it has been suggested that an 

alternative model may be appropriate for cytochraw-c-oxidase, in which 

cytochrane a acts as P two electron redox centre (Fe(I1) -Fe(III) -Fe(W)). 

This model does not require ah antiferramgnetic coupling scheme [317]. 

Three inorganic systems have been emmined as models for cytochrane- c-osidase 

Buckingham and cmvorkers have prepared (a,u,a,a-tetra(2-nicotinamidophenyl)- 

porphyrin}chloroiron(III), in which the ends of the picket-fence type chains 

are capable as acting as donor ligauds to a second metaI atan. Reaction of this 

with copper perchlorate gives (58). A structural study on this dimtallic 

(58) 

product sho.vs very long Fe-Cl and CL-Cl distances, indicating the presence of 

weak bridging between the two metals. Magnetic uieasurements are consistent 

with the iron atan either being high-spin, or having a ground state with quantum 

mechanical (S = %)-(S = %) mixing: the coDper has au S = 3 ground state. EPR 

data support a high-spin iron(II1) configuration. Physical data show that copper 
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incorporation markedly effects the electronic state of the iron atom [3181. An 

alternative approach has been the preparation of CFe"(n-bipyrimidine)Cu") 

ccxnpleses, \\hich are propped as models of [(cytochrcme a9)3+ (imidazole)CuB2+~. 

The macrocycle (59) is capable of folding, and this can form the cis-canplex 

N’ / 
I 2 I HN N\ 

h 'N 

’ / AN’ 
(59) (60) 

[Fe((s9)j(!>ipJm)]2: which reacts with [Cu(acac)z] to form (60). The cation 

[Fe(<59))(bipym>]2' is lowspin; in the dinuclear ccmplex, the iron is high- 

spin at rocm temperature. A varinble temperature susceptibility study shows the 

dimer to contain magnetically isolated Fe(I1) ( S = 2) and Cu(I1) (S = 3) ions, 

with cr = 0 through the bipyrimidine bridge. The Ef value for the Fe(III)/Fe(II) 

couple is +0.6 V (us. SC'S) which is 700 mV lower than that of the low-spin 

mOnOmer_ The El value for the Cu(II)/Cu(I) couple is -0.24 V (us. SCE). In 

the natural sy&m, J>200 or-1 and thus these authors suggest the possibility 

of 0, bridging rather than imidazole bridging (see Scheme MV) [319]. 

(imid)Fe2+/Cu2+ : 1 

I 2H+, 2e- 

02 -Hz0 

(imid)Fe3+-0' 

o-cu 
2+ 

+ 
L(Md)Fe3+-_O-C&2f 
-Hz0 

SCflEhlE XIV: A proposed scheme for cytochrane-c-oxidase. 

The third approach has been reaction of [Cu(salen)] with anhydrous FeC13 to 

give the binuclear canpound [Cu(salen)FeCla], which has a magnetic moment of 

only 1.34 ~9, suggesting very strong 9ntiferranagnetic interaction. 

[Cu(salen)Fe(CIO,),] .2H20 was also prepared. Again, formation of dimers lowrec 

redox potentials and the chemical effects of this were demonstrated by the fact 

that the Cu"-Fe"' dimer is reduced by ascorbic acid, although neither 



55 

[Cu(salen)] or the iron cmnpounds alone are effected 13201. 

1.9.3 &rbrado&n, Ferredoxins and Fe-MO-S cZuster compoum%r: 

An X-ray crystallographic refinement of rubredosin from CZosi;r~idirc;r; pastezcriamiwr~ 

at 1.2 fi resolution has been published. The FeS distmces are found to be in 

the range 224 to 233 m (at an average of 223 D-ZI). The B parameters (wthich masure 

the distribution of atars arouhd their mean positions) are relatively large, 

implying that there are relatively large amplitudes of atanic motion and thus 

the molecule is pliable and readily deformed [321]. 

Improved syntheses of the node1 mmpleses, fFe2X2(Sz-syl)a]2- and 

~~zXZ(SGH~Y)L] 2- (X = S or Se; S2-xyl = [1,2-C6Hu(CR2S)2]2-; Y = H or Me) have 

been developed_ These involve reaction of FeCla_ elunental X and [S2-qr1]2- 

(1:1:2) or [S2C6H4Y]- (1:1:4) in the presence of tetmalkylammnium ions. In 

the absence of these large cations, [Fe4SL(SR)4]2- clusters are famed. The 

selenium empounds have not been previously reported, but exhibit spectra and 

redox properties every similar to their sulphur-containing analogues 13221. 

A kinetic study of the reaction of [Fe&(SR)+] clusters Mth [Rgkle(X)] (X = 

O&Me or SCJ&CO&f shmvs the rate of sulphur estrusion to be much faster in the 

case of the ethanoate. Initial attack by the mercury ccmplex is on the labile 

sulphur, ultimately yielding [(h!eHg)PS] and [{(Rs)R~~~)~] [323]. 

Antiferrcmagnetic eschange in the [Fe,S21-ferredosin from a blue green alga 

has been studied with a very highly sensitive magnetic balance. Values of 

-J = 182 and 98 cn-' were found for the osidised and reduced forms, respectively. 

This antifermetic coupling has been studied by X%--VI3 calculations. Other 

hiD calculations upon [FezS2(SR)~]'z- (n = 2 or 3) favoura ground state 

configuration Mth ten unpaired electrous both high-spin iron(II1) fox- the 

oxidised form, and the reduced form containing Fe(11) and Fe(III) lvith longer 

Fe-S bonds to the Fe(I1) centres [324]. 

Important papers have appeared on three iron ferredosins containing {Fe,S,j 

cores. Roth X-ray structural and EPR evidence on the Fe-S clusters frcm kobuctcr 

vintand-ii are consistent with the presence of {Fe,S,(SR)4] and EFe,S3) clusters 

separated by about 11 a. The protein makes sis contacts to the {Fe$,} unit 

[325]. The ferredoxin fran &.muZpizovibrio gigas mediates electron-transfer 

betmeen cytochrame ca and sulphite reductase. A MEssbauer and EPR study of this 

shows the presence of three iron atans per moncxner unit, and a spin concentration 

of 0.9 spins per mncmzr unit. The Essbauer spectrum is very similar, if not 

identical, to that of the 10s~ potential centre fran Azobacter vinetmdii and 

indicates the presence of ah {Fe3S3} cluster here also [326]. 

Christou and Garner have reported a convenient synthesis of [Fe&,(SR)4]2- 

{R = Ph, CMes or C&C&QH) clusters frun iron(I1) 0~ iron(II1) chlorides, 
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elmenral sulphur and N[SR] (N = Li or Na) [327]. Holm and coworkers have 

reported that FeClz.2H20 reacts with Na[SPh] in methanol to give CFez(SPh)la ]2- 

(61), an intermediate in the synthesis of [Fe&,(SPh),]2-. This novel cluster 

S 

I 
s/Fe\s 

I \ 
S I 

sIFels_ /Fe\s 
\ I I 

-s -Fe-S 
I 
S 

(61; Ph groups 

omitted for clarity) 

has been isolated and characterised by X-ray methods; the anion (61) consists 

of a tetrahedron of (Fe(SPh)) units linked to an octahedron of bridging (SPh) 

units. It reacts smmthly with elemental sulphur to give the [Fe&,(SPh),,]2- 

ion in So", yield [328]. 

b.Sb(SCW)b12- reacts with bIeC(0)(Gly)2(Cy~G1y2)nCysGlyiW2 (x = O-3) with 

exchange of SC& groups and formation of the peptide bound cluster. For the 

x = 0 peptide, four successive equilibrium constants were evaluated for the four 

binding sites of the cluster 13291. The cluster [Fe,S,(thiocyclodex-trin)1,]2- 

has been prepared and it ms found that the presence of the hydroxyl groups of 

the thiodextrin increased the ease of reduction of the {FesS,} core. The 

reduction potentidl is intermediate between those of (Fe,,&,} in water, and those 

of (Fe&} bound to alkylthiolate ligands in aprotic solvents [330]. 

Helm has now completed his important structural analysis of [FekS,,(SR)4]"- 

(n = 2 or 3) clusters. In the solid state [Fe&,(SR),]3- clusters appear to 

divide into t%o groups, those containing tetragonal cores, and those containing 

non-tetragondl cores. However, all exhibit the same structure in frozen 

solution - an elongated tetragonal core. Thus the above differences are purely 

crystallographic effects. These findings together with similar core uniformity 

in the Fd ox andogues, cFe&(SR),]2-, provide substantial experimental evidence 

for an elongated D,, core as the stable configuration of the trianion and a 

change to canpressed D2d structure on oxidation 13311. 

Holm has also studied the electron exchange kinetics for [Fe&+(SR)4]n- and 

[Fe&?~(SGH&e)s]n- (R = PhCH2 or 4-M&H+; n = 2 or 3) by NMR methods. Rate 

constants of the order of lo6 to lo7 9, nr11-~ s-l place these among the faster 
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inorganic self-exchange reactions. Thus, the slow rates observed for natural 

systsns can be attributed to the retarding influences of the protein rather than 

to intrinsically slow reactions of the clusters 13321. The kinetics of 

[Cr"(edtaHa>] reduction of [Fe&,(SCH2CH2C02),,]6- shows reduction to the 

heptaanion is too fast to be followed by stopped flow methods. With an excess 

of [Cr(edtaH~)], prcduction of an octaanion - monitored by stopped flow. 

[Cr(edk&)] was incapable of producing super-reduced foms of [Fe,&] protein 

fran CZossridiwn pasteurianum or of the HIPIP protein fran Chomatiwn vinoswz 

13331. The kinetics of oxidation of [Fe&,(SR)4]3- clusters by a number of 

inorganic oxidants has also been reported [334]. Photo-induced electron-transfer 

fran [Fe4S4(SR)k]2- to methyl viologen, acenaphthaquinone or 'KNE has been 

published. In same cases, [Cb!oO(H~O)(cys)(u-O)12] ws used as a catalyst 13351. 

Electrochtical studies of ferrodoxins absorbed onto a mercury electrode have 

been reported 13361. 

Ethyne has been used as a substitute for Nz in probing nitrogen fixation and 

it has now been shown that [Fe&+(SPh)4]3- together with ethanoic acid and 

ethanoic anhydride in Gmethylpyrrolidone at 25 OC effects hamgeneous reduction 

of ethyne to ethene (60% conversion). Deuterium incorporation is stereoselective 

giving cis-CHD=CHD. The systan is not catalytic, and departed from the strict 

stoicheianetry of equation (lo), primarily because of a competing cluster 

2[Fe&,(SR)k]3- + &Hz + 2H+ -2[Fe4Ss(SR)~]2- + C2HI, (10) 

oxidation reaction [337]. The cluster [FerS,,Clr]2- containing labile terminal 

chloride ligands, after treatment with PhLi, is active in the hydrogenation of 

cis- and trans-stilbines. PhLi treated [Fe&,(SPh>L]2- exhibits no activity 

[338]. [Fe&(SR)s] does, however, catalyse the oxidation of RSH to RSSR by 

oxygen. The rate determining step of this process is believed to be electron- 

transfer fran the cluster to 0~ [339]. 

The observation of an {FegbloSr) core in nitrogenase has generated considerable 

activity in modelling imn+mlybden~sulphur clusters, principally by the 

groups of Garner andHolm. Helm and coworkers have reported that the reactions 

of [?BE&,]~-, FeCl,, RSH and Na[O%e] in an alcoholic solvent at roan temperature 

give [M2Fe6S9(SR),]3- (M = ba0 or WV), [bb2FesSB(SR>,]3-, [b12Fe7SB(SR)12]3- and 

[b12Fe&(SR)12 14- (N = b%o or IV), which adopt the structures (62)-(64). X-ray 

crystallography shows (62) and (63) are almxt isodirnensional, with W. . ..blo 

distances of 366.8 and 330.6 pa respectively. Cunplexes (64a) and (64b) display 

trigonal antiprisnatic coordination of the central iron atans. The electronic 

difference between the last ~XW anions lies in the oxidation state of these 

central imn atars; imn(III), pmbably low-spin, in (64a) and high-spin imn(I1) 

in <64b). EXAFS data for these clusters is in good agreeixwent with the k-S and 
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(64a; n = 3) 

(64b; 1! = 4) 

BIc+Fe distances obtained by crystallography, but is not too close to the EXAlB 

data for nitrogenase. NMR spectroscopy indicates that (62), (64a) and (64b) all 

esist in single iscmeric forms in solution. (62) and (63) both shcnv three- 

membered electron-transfer series, lbhereas (64a) shows a four-mmhered series 

with initial reduction of the bridging iron, giving (64b), followd by 

reduction in the clusters. The (Fe,blo} clusters are electronically delocalised 

and all iron atcms are virtually identical, with a mean oxidation state of 2.67. 

The formal definitions of the cluster oxidation states are [{Mo1vFez111Fe11S,)4+ 

mo 111FeZ111Fe11S,,}3t] in (62) and [{Mo111Fe2111Fe11S,,}z3+] in <63), (64a) and 

(64b) [340]. 

Garner and coworkers have also reported [Fe6W2S8(SEt)9]3-, which is 

isamrphous with the molybdenum analogue. This anion undergoes two one-electron 

reduction steps at -0.46 V (-0.51 V) and -1.56 V (-1.76 V) (us. Ag/Ag+; values 

for the molybdenum analogue in parentheses), but unlike the molybdenum analogue 

these reductions are reversible. This may be relevant to the low activity observed 

when nitrogenase is reconstituted with tungsten in place of rnolyhdenum [341]. 

These wrkers have also reported [FesWB(SR)g]3- (R = Ph, Cl-4-CsH1,, Me-4-&H,, 

or Et) and presented detailed NMR, M%sbauer and electrochenical studies. ti 

the basis of the isaner shifts, iron is assigned en oxidation state of 2.5, thus 



giving the wlybdenum or tungsten atarr; fomnal oxidation states between 3 and 4 

13421. The canplexes [Fe6~zSB(sPh)6(ohfe)3]3- (A! = b%o or W) have also been 

prepared and in these cases, the tmo IFelhbss) cubes are linked by three msthoxy 
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groups [342,343]. Reaction of [Fe6MoaS8(SR)9]3- (R = Et, PhCH2 or C&C&CR) 

with PhCOX (X = Cl or Br) leads to replacement of all Fe-bonded terminal SR 

groups to give [Fe6M02SB(SR)3X6]6-r the bridging SR groups being unaffected [344]. 

Hydrogenase contains {Fe&L} and {Fe&} ferredoxin units, but treatment of 

[Fe&,(SPh)b]3- with weak acids gives oxidation without dihydrogen formation, 

and the use of strong acids gives rise to cluster decanposition. However, 

b’et,&Wh>t+13- . in dma with PhSH gives [Fe&,(SPh)4]2-, [PhS]- and HZ (ll-31% 

after 24 h). With [Fesblo&(SPh)9]5- (formed by reduction of the trianion) and 

PhSH, dihydrogen is produced in SO-100% yield after 600 min, according to 

equation (11). This demonstrated that this reduction needs a low potential two- 

be&b&(~h)~15- + ZPIISH-[F~~~~~S~(SP~)~]~- + 2[PhS]- + HZ (11) 

electron reductant [345]. [Fedb&(SC&CCGU~l 3-, [Fe&,(SCH2CH&H)4]2- and 

h+~e~(~~~~W~l 2- have all been used to replace the ferredoxin in 

CZostridiwn pasteurianwn, and have mediated electron-transfer in hydrogenase 

activity [346]. 

A n-r of simpler Fe-M conpounds have been prepared. %KI groups have 

reported the preparation of [C1~Fe(u-S)2bfcS2]2- fran [hbsc,12- and anhydrous 

FeC12 [347,348]. A structural study of this anion confirms the tetrahedral 

geanctry of both metal ions {r(Fe....h~> = 277.5 pn) [347]. Although covered 

in detail elserbbere, those mn-king in this area my be interested in the 

preparation of a number of Mo-Cu-S clusters as part of this vmrk [347]. Treat- 

ment of [C12Fe(u-S)2MoS2]2- with RSH (R = Ph or 4-bleCsHI,) and EtsN gives 

[(RS)2Fe(uS)zbbs.]2- [348]. This anion, and its tungsten analogue, have also 

been prepared starting with [Fe(SPh>~]2- in dmf. X-ray structural studies have 

also been performed on the molybdenum canplex [348,349]. Reaction of the 

molybdenum and tungsten anions with ten equivalents of [(C~H~S)Z] gives 

c(S5)Fe(u-S2)bss2]2-- The structure of the molybdenum containing anion (65) has 

(65) 

also been reported, and its electronic spect-rum is very similar to the spectrum 
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of acid-treated, reneutralised Fe-Mo protein fran CZostridiwn pasteurianwn 13491. 

[wcL.]~- reacts with [Fe(S2CCEt>,] in daf-hleCN to yield [S2bb(uS)pFe(uS)2hJOSZ]3-, 

xvhich contains tetrahedrally coordinated metal atans with a slight bend in the 

JIo...Fe.. .PB backbone (Mo$eUo = 173O; r(FeS) = 225.6; r(Alo-St& = 217.1; 

n(Xo-S& = 225.6 p-111. The previously reported [Fe,,bkx&,,] anion is, in fact, 

this anion [350]. 

kGS2(SPh)~]2- reacts with [h~o~,+]~- _ m bleCN at roan temperature to give 

[(Phs)IFe(~S)2Fe(~-S)Ib~213-, \\hich contains antiferranagnetically coupled 

Fe3+ (S = %) and an [Fe2+S,bIo6+S,] (S = 2) unit giving a net S = 4 ground state 

[3x]. b=GL(S~k=~)~l 2- reacts with [b!oS,12- in hkC!N-HCCNH?k to form 

[Fet,(u-S).(M&,)4]6-, \khich retains the 1Fe&1 core, but has a bidentate CMOS~,I~- 
ion linked to each iron atan [352]. 

7 c d Iron. ssora,ce and nwnsport _.s. _ 

Three iron-containing non-he components of the cytosol have been identified 

fran rabbit reticulocytes. These are ferritin, transferrin and a third, as yet 

uncharacterised component temed "binding protein I" [353]. It, therefore, seems 

that further development in the elucidation of the details of iron storage can 

be expected. The K-absorption edge EXAMS spectrum of human diferric transferrin 

has been cunpared with those of same model uxqx~unds. The results suggested 

the iron(II1) sites are not tetrahedral, but could not distinguish between six- 

and seven-coordination. EPR spectroscopy suggests, however, they are not simple 

octahedral sites [354]. 

Enterobactin, the microbial iron transport compound containing three catechol 

groups, has been isolated from XZeksieZZa pxewrionicre. The stability constant 

for the addition of Fe3+ to enterobactin (ent) has been determined and the value 

of 105* is the largest for any known iron(II1) complex. [Fe(ent)13- undergoes 

three sequential protonatious that correspond to the conversion of catecholate 

to salicylate. The complex anion can also be reduced electrochemically at pIGlO, 

but the reduction potential (-1.230 V US. XE) is consistent with suggestions 

that it is too low for physiological reduction, and consequently the complex mst 

be hydrolysed to permit iron reduction and removal [355]. Ferrous enterobactin 

has been isolated frcm Z. Coli and its b&x.bauer and electronic spectra examined 

13561. 

Formation constants for iron(II1) canplexes of the enterobactin analogues 

1,5,9-N,IJ',N"-tris-(2,3-dihydroxybenzoyl)cyclotriazatridecane and 1,3,5_N,N',N"- 

tris-(2,3-dihydroxybenzoyl)triaminar&,hylbenzene are 10" and 10" respectively, 

and these are the largest measured values for any synthetic iron(II1) canplex. 

Both ccxnplexes undergo a series of protonations which shift the mode of ligation 

from use of tw phenolic sites to use of car-bony1 and phonolate sites. The 
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relevance of these results to chelation therapy of chronic iron overload, as in 

Cooley's anamia, were discussed 13571. 

Studies have been made that were aimed at finding in v,itro chemical criteria 

which can be used as indicators of bilogical activity with the eventual aim of 

designing metal chelates as suitable sources of various trace elements essential 

to mamaliau nutrition. A previous study of acetohydroxmate has now been 

supplemented by examination of iron(II1) glycinehydroxamate. The results showed 

no production of polymeric species, a fact felt to be important for rapid 

transfer. The canplex donates iron rapidly to apo-transferrin and the free 

ligand effectively depolymerises iron citrate polymers, a reaction used as a 

model for the requirement of abstracting iron from ferritin. The ptential ms 

thus indicated for the transfer ferritin -transfer agent- transferrin 

sequence [358]. 

The thiohydmxmate [Fe(CNR'CR(=S))3] (R = H, R' = Ale) can be obtained fran 

Pseudomonas fhorescens and displays antibiotic and iron transport properties. 

The related canpounds \iith (R = H, Ph, AI+4-C6H4 or PhCHz; R' = H, Se, Ph or 

cych) have been synthesised and have been shown by electrochemical studies to 

undergo rapid one-electron reduction [359]. The canplexes [Fe{R'C(O)N(O)~'}(H20)412+ 

(R' = Me or Ph; R" = H, Ale or Ph) have also been prepared (3601. 

A study has also been made of the interaction of desferriosamine B and a 

polymeric hydroxamine acid containing thirty-three hydroxamic acid groqps with 

hydrosols consisting of uniform spherical a-Fez03 particles [361]. 

An X-ray structural study on tris-(lGrmsthylthiobenzohydroxamto)iron(III) shows 

a cis arrangment of lig-ancis in a trigonally distorted octahedral coordination 

sphere (twist angle = 42.9O, away frun the trigonal prism) [362]. The structure 

of the linear tricatechol siderophore, agrobactin has also been determined. This 

coordinates iron(II1) at the six sites marked * in (66) 13631. 
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Fusarinines are one of the seven known families of sidercphores (the others 

are ferrichranes, ferrioxamines, rhcdorulic acids, aerobaotins, enterobactins and 

mycobactins), and one of these, ferric-N,N',B'-triacetylfusariuine has been 

iSOkLtEd fran a i???ZiciZZizm strain and studied by X-ray c.ryStdLlography <67). 

The mlecule displays distorted octahedral coordination, and is relatively disc- 

(67) 

like with a total thickhess of CCL. 450 pn. The xlecules obtained-from CeH6-EtOH 

assume the A-cis absolute configuration but mlecules obtained fran CHC13, and 

all molecules when in solution, are in the A-&s form [364]. 

Ferrichrane has been isolated frcm the szxmt fungus UssiLago spJzaerogemz and 

its structure determined (66). The six cxygen ataas of the Nb-acetyl-Nb- 

hydroxy-brnithine residue are coordinated to iron(II1) in a distorted octahedral 

array 13651. 

<66) 
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Lactoferrin occurs in high concentration in human milk and although its 

physiological tile has not been defined, it is thought to bind iron strongly and 

be responsible for iron depletion. It has a molecular wight of about 80000 

Daltons, and binds two high-spin iron(II1) ions and two hydrogencarbonate ions. 

Bane evidence suggests the iron is bound to tmo or three tyrosine residues and 

a water molecule. A study has been reported of iron(II1) phenolates as models 

for lactoferrin that have an {FeO,l?,O:~ core (O=phenolate; Ikaliphatic or 

armatic N; O'=carboxylate or alkoxy). 'Ihe structure of one of these, (69), 

has been determined, and others have been characterisad spectroscopically. 

(69; L = MeOH) 

Collectively, these data support a structure for diferrid lactoferrin in which 

the metal atans occupy sites of rhanbic symnetry, bei.ngWundtothreetyrosines 

and tw cis histadinyl residues: the hydrogencarbonate ions may hydrogen bond 

to the coordinated water molecule [366]. 

1.9.5 Other sticiies 

Hsnerythin is an invertebrate respiratory protein containing ixo non-hems 

iron atans at each 02-binding site. In both oxyhemerythin and raethemerythin, 

the pairs of iron atans are present as antiferranagnetically coupled high-spin 

iron(II1). Previous X-ray crystallog-raphic studies suggested that both iron 

atans were octahedral, but the resolution was not high enough to determine the 

degree of regularity. Electronic spectroscopy suggests, howaver, that the iron 

atans are inequivalently 1igateC: by two and three histadine residues respectively 

[367]. The ccmplex formed between sulphide and methenerythin has been 

characteris& by resonance Raman spectroscopy, and at pH 8.0 probably contains 

{Fe11r-8-Fe111) units [368]. 

The iron centre in ribonucleotide reductase frcm E. CoZi consists of txo 

non-identical subunits, B1 and BP, both subunits constituting the active site. 
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Unit B2 contains two iron atoms and a tyrosinyl free radical, the metal probably 

being present as an {Fellr-O-Ferll) unit [369]. 

The high-spin cation [FeLs12+ (L = biiu&I) reacts with 02 in aprotic media to 

produce an iron(II1) complex in which one L ligand has been deprotonated, a 

finding relevant to the speculation on the r61e of the distal imidazole ligand 

in the reversible binding of O2 to Rb or Mb, and in particular whether the 

imidazole hydrogen bonds to OZ. Production of the high-spin iron(II1) uznplex 

is acccanpaniecl by that of water, and the mechanisn in Scheme XV has been suggested 

13701. An equilibrium study on tryptophan binding to iron(I1) and iron(II1) 

enzyn;es has led to the suggestion that the principal pathway of indoleamine-2.3- 

dioxygenase involves initial Fe" -tryptophan binding followad by reaction with 

02 13711. Oxidative ring cleavage of 3,5-cli-sert-butylcatechol with total 

incorporation of O2 is catalysed by FeC12 in the presence of bipy and py [372]. 

A system designed to mimic mixed-function oxidases in the hydroxylation of 

alkanes, based on iron( O2 and IY-dllryl-2-hydroxybyl~ni~ chlorides, 

has been developed. However, alkane oxidation p roceeded with minimal selectivity. 

The oxidation of anisole and toluene takes place with a selectivity dependent 

upon the nature of the N-alkylamnzmium chloride [373]. Hydroxylation of aniline 

has been achieved by systems based on iron(I1) cunplexes and thiols 13741. 

Contrary to previous claims, it has been found that aqueous FeC13 is, at best, 

a feeble catalyst for the aerial oxidation of indole-3-ethanoic acid, and thus 

it is not a good node1 for peroxidase [375]. In contrast, trams-[Fe(terpy)(OH)2]+ 

bound to poly D- or poly L-glutamte is a good catalyst for the oxidation of 

ascorbic acid by Hz02 [376]. Iron(II1) corrole complexes catalyse the hydration 

of aIkenes with concunitant reduction to iron(I1) species: re-oxi -dation of the 

metal is achieved by 02 13771. 

There has been sane interest in vitamin Bs related ccmplexes of iron. 

mid0xa.l i s important in enzymatic transardination and the reaction is 

catalysed by iron(II1) among other metals. The complexes [Fe(L')]'+ and 

[Fe(LR)(L1H)13' (IH = pyridoxal, L'H = picolinic acid) have been studied [378]. 

Iron(II1) complexes of pyridoxylideneglycine (Hzplgly) and 5'-phosphopyridoxylidene- 

glycine (Hzplpgly) have been prepared. The mnnaaeric five-coordinate high-spin 

species [Fe(plgly)(HzO)X] (X = Cl, Br or OKMe) and ~Fe(plpgly)(H~O)(OKhie)] 

were obtained and IR data indicate coordination through azanathine N, phenolic 

0 and carboxylic 0 in both cases [379]. Slow aerial evaporation of an aqueous 

mixture of pyridoxal, alanine and Fe(CIOr)z gives the binuclear iron(II1) 

canplex of the ligand (71) [380]. 

Bleanycins (BIA!) are a family of histidine containing glycopeptide antibiotics 

with anti-turnour properties_ This anti-tuaour activity is believed to involve 

iron(I1) and oxygen and is believed to occur by reducing 02 to a am-e reactive 

species in the vicinity of a susceptible DNA bond, thereby leading to its cleavage_ 
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SCHEME XV: The reaction of [Fe(BiirnH)I12+ with 02 (rd = rate determining step). 

Fe(II)-BIM canplexes also form lcw-spin adciucts with CO, RNC and NO which 

inhibit their activity (Schane XVI). However, with cyanide a high-spin 

BLM-Fe"-cN adduct is formed, as well as a low-spin BUI-Fel'lKN adduct. 

Jias been reported that the Fe11-02-BUG[CN]- systen is mre efficient in 

producing the active [O,]' and [OH]. radicals than Fe-BLAl-02 alone (3811. 

It 

Studies 
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HO 

(71) (72) 

on iron belanycin cmplexes have established the coordination geanetry shown 

in (72) and the 

and efficiently 

iron(I1) canplexes have been sholm to canplex with dioxygen 

form [O,]' and [CEI]* radicals [382]. 

Bl_&Fell c BLX-Fe"4 2 

BLV-F&-L e- 'BLM-Fe"' %,I= 

XHEME XVI: The activity of Fe(II)-BU,I cunplexes (L = CO, FUK or X0). 

Aconitase is ah enzyme which catalyses the dehydration of citrate, and which 

requires iron(I1) and a reducing agent to attain maximum activity. An 

equilibrium study of ircTn(I1) citrate complexes is therefore relevant to the 

action of this enzyme, as well as to gastrointenstinal absorption of essential 

IE?tal.s. Stability constants for [Fez(citH)z] and [Llnz(citH)z] show that the 

cunplexes have very similar stabilities, a fact in accord with manganese 

inhibition of aconitase activity 13831. 

There has been considerable interest in metal riboflavin canplexes, but 

riboflavin-5'-phosphate (HIL) has not been previously studied. It has now been 

shown that the ccxnplex rFeL(OH)].3H20 can be isolated 13841. Camoquin (L'), 

which is more active than quinine against malaria, folms the cunplev 

[IFe(S04)12L' 1.4&O [3851. 
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