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INTRODUCTION

This review covers publications cited in Volumes 90 and 91 (up to and
including edition No. 20) of Chemical Abstracts and thus includes a few
references from the 1978 literature. It was felt that complete Chemical
Abstract coverage, rather than a restriction to primary publications appeax-
ing in 1979, would aid those wishing to make their own literature coverage
to bridge the gap between the last Chemical Society Specialist Periodical

Report on the Inorganic Chemistry of the Transition Elements (Vol. 6) and -

the present review. However, in keeping with the general content of this
volume, the material for carbonyl! and nitrosyl complexes has been selected
with regard to its general relevance to transition metal chemistry.
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2
1.1 CARBONYLS

A laser PE spectral study of [Fe(CO);] has led to the following electron
affinity values (eV): Fe(CO);4 (2.4); Fe(CO); (1.8); Fe(CO), (1.22); Fe(CO)
(1.26), Fe (0.164) [1]. ’

A new method has been outiined for assigning energies to metal -metal
(M--M) bonds and metal--carbon (M—C) bonds of metal carbonyls including
[Fe(CO)s], [Fea(CO)o] and [Fe;3(CO);,]. This uses the lengths and strengths
of the bonds in the metai as a basis, and dssumes that E(M—M) is propor-
tional to [d(M—M)] . The results indicated that M—M bonds are weaker
and M—C bonds stronger than previously indicated. Moreover, the M- -C
bends increase slightly in strength with nuclearity [2]. Further calculations
on [Fe,;(CO),] suggest that CO has much the same thermodynamic affinity
for bridging and terminal sites, although there may be a slight preference for
bridging sites [3]. Standard enthalpies of formation and bond enthalpy con-
tributions have been reported for [(7°-C;H;)Fe(CO);l], [(n*-CsHg)Fe(CO);]
and [Fe(CO),1,] [4]. A comparison of structural, spectroscopic and electro-
chemical properties of [Fe(CO);{Co(CO);},(u3-PPh)] and [{Co(CO;} ;-
{u3-PPh}] show that the LUMO of the former and the HOMO of the latter
are both M—M bonding in character [5]. XPES measurements on [Fe(CO)4]
and [H,Fe(C0O),] lead to the conclusion that the hydrogen atoms have a
negative charge of —0.3 (cf. —0.8 in [HMn(CO);s] and —0.75 in {HCo(CO)4])
[6]1.

[Fe(CO):L] {L = (3,5-MeC¢H;0)3P} reacts with K[HB(OCHMe;);] to
vield the formyl anion complex [Fe(CO);L{CHO)] ; such formyl species can
act as hydride donors to ketones, alkyl halides and metal carbonyls [7].
[Fe3(CO);;1]1* and [HFe;(CO),,]” react with electrophiles, R* (R = H, Me,
Et or MeCO), giving [Fe3;(CO),s(COR)]™ and [HFe;(CO),;o(COR)], respec-
tively [8]. The stable metallocarboxylic acid, [(cp)(PPh;)(CO)Fe(CO,H)] has
kbeen isolated; in solvents of low dielectric constant it exists as FeCO,H, but
in those of high dielectric constant it exists as FeCO*OH". [(cp)(PPh;),-
FeCO,H} exists only in the acylium hydroxide form [9]. [HFe(CO)s]™ and
[HFe;(CO),,]™ catalyse the high temperature conversion of CO,, H, and
ROH to HCO;R [10]. The reaction of [Fe(CO)s] and ['®*OH]", yielding
[HFe(CO)4]™, has been studied and '®*0 exchange is barely discernible. Thus
the rate of decomposition of the intermediate, [ Fe(CO),(COOH)], to
[Fe(CO);H]™ and CO, is rapid relative to reversible loss of [OH}™ with con-
comitant **0 exchange. Thus, the propensity of [Fe(CO)s] to proceed to
[HFe(CO)4]", rather than undergoing exchange under the conditions of the
water gas shift reaction, has been demonstrated and this suggested radical
elimination of dihydrogen may be the rate-determining step in dihydrogen
production [11]. Li[R;BH] (R = Et or MeEtCH) effects a quantitative
homogeneous room temperature synthesis of [(cp)Fe(CO).1" from the
dimer [12].

[(cp).Fe,(CO),] reacts photochemically with PR; (R = Ph or OCHMe,) to



yield only [(cp),Fe(CO);L]. At low temperature, an intermediate in this
reaction can be trapped which has an infrared absorption at 1720 c¢ra™!, but
no ¢ - ¢° absorption of an Fe—Fe bond in its electronic spectrum. It has
been suggested that this is [(cp)(OC),;Fe(u-CO)Fe(CO)PR;)(cp)], containing
an unsupported bridging carbonyl group [13]. [(cp).Fe,(CO).(CNBu).]
exists, in solution, as a mixture of the (u-CO), and (u-CO)(u-CNBu) forms.
NMR studies indicate that the interconversion between these, by the
Adams—Cotton mechanism, proceeds by two different pathways with signif-
icantly different E, values {14]. A study of [(n-dienyl}FeCo(CO);L]
{n-dienyl = ¢cp, Mecp or CyH4; L. = phosphine, phosphite or arsine) shows
some to have CO-bridged isomers in the solid state, while others are non-
bridged. In solution, many exist as equilibrium mixtures with one non-
bridged and at least two, perhaps four, bridgad tautomers. The non-bridged.
form is favoured at higher temperatures, with bulkier L ligands, along the
series CgH; >> Mecp > cp [15]. [(cp):Fe,(CO);(PPh;)] can be obtained by
thermal substitution of {(cp),Fe,(CO),4], as well as by photolysis. It is un-
stable in solution in the absence of added triphenylphosphine, decomposing
completely in one hour at 80°C to [(cp),Fe;(CO)4] and [(cp)Fe(CO)]14 and:
this represents an improved synthesis of the tetramer [16].

Alkylation of [(cp)Fe(CO)(CN)(CNR)] (R = Me, Et or Me,CH) with R'I
(R’ # R) yields [(cp)Fe(CO)(CNR'}CNR)I] [17].

[(cp).NbH;] reacts with [Fe(CO);s] to form [(cp).Nb{u-H)Fe(CO)4], an
X-ray structural study of which shows the iron atom to have nearly regular
trigonalbipyramidal geometry (neglecting the bridging hydrogen atom) with
Nb in an axial position. NMR studies suggest a different structure in soluticn
{18]. [(cp):M0,(CO),] reacts with Na,[Fe(CO).] to vield [ {(cp}{OC),Mo},-
{u-Fe(CO)4}] containing a formal Mo=Mo double bond [19]. Treatment of
cis-[PtCl,L,] (L = RNC) with [Fe(CO);(NO)] (represented by M™) gives
trans-{PtL,M,] [20]. Attempted oxidation of [Fe,(CO){ CHC(R)R'}(PPh.)]
with AgX led to [Fe,(CO)s{CHC(R)R'}(PPh,)Ag]X (R = Ph; R' = NHMe,
NHEt, NEt, or NPr;; X = ClO, or PFy). A structural study of the perchlorate
showed the silver atom to bridge the iron atoms (Fe—Ag = 2.685, 2.703 A)
[21]1.

(Fe(CO);s] reacts with Zn(II) in the presence of amines to form [(NHj3)s-
ZnFe(CO)4] and [LZnFe(CO),4] (L = en, Meen, Me,en, dien, trien or 1,3-
diaminopropane). The NH;, dien and trien compounds are thought to be
monomeric, containing trigonalbipyramidal iron, whilst the others are
polymeric with octahedral iron coordination [22]. Treatment of [(ClHg),-
Fe(CO),1 with powdered zinc yields [(ClZn),Fe{(CO);}, which reacts with
R;SnCl (R = Ph or Bu) to give cis-[(R3Sn),Fe(CO),] and with [Bu,5nCl,]} to
give [(u-Bu,Sn), {Fe(CO)4}:] [23]. [Fe(CO)s] also reacts with [HgRCl]

{R = CH,(SiMe;);., (n = 0 or 2)} to give cis-[ Fe(CO)4(HgR),] [24]. Reac-
tion of [(ep)Fe(CO),]1” with [Ph;Al] in thf gives [(cp)Fe(CO),(AlPh,)], an
X-ray study of which shows that it contains an essentially single Fe~-Al bond,
of length 2.510 A [25].



[ {{cp)Fe(CO).}.SiHR] (R = Me or Cl) is obtained from [(cp)Fe(CO),-
SiHRCIl] and Na[Fe(cp)(CO),]. Treatment of the di-iron compound with
CCl, gives [ {(cp)Fe(CO),},SiCIR] which is converted, with Ag[BF,], to
[ {(cp)Fe(CO),}.SiFR’'] (R’ = Me or F) [26]. GeBr, reacts with [(cp)Fe-
(CO):]; and [Fe,(CO)s] to yield [{(cp)Fe(CO),},GeBr,] and [ {(OC)sFe},-
GeBr,], respectively [27]. The reactions between SnCl, and [(cp)Fe(CO).L]
(L = CH,CH=CH,, CH,CMe=—CH, or CH,CH=CHMe) have been re-examined
and extended to SnBr, and GeCl,. The major products are formed by inser-
tion to give [(cp)Fe(CO);MX;L] but, in the presence of excess MX,,
[(cp)Fe(CO).MX,] is formed [28]. UV irradiation of [Fe(CO)4(SnCl;)] in
MeCN gives [Fe(SnCl;3)s]°~ [29]. Treatment of [(Cl3;Sn)Fe(CO),(cp)] with
TIM (M = [Co(CO)4] or [Cr{CO);s(cp)]) gives {Cl,Sn {Fe(CO),(cp)}M] [30].
PhIN(PF,), reacts with [ Fe(CO)s] or [Fe3(CO),,] to yield [ {PhN(PF,),}2-
Fe,(CO);s] and reaction with [(ep)Fe(CO).]. under photochemical condi-
tions gives low yields of [(cp)Fe(u-F.PNPhPF,)(u-NR=PF,)(u-PF,)Fe(cp)]
[31]. Specific formation of [ LFe(CO)4] (L = PPh,, P(OPh); or P(OMe),)
can be achieved by the reaction of [Fe(CO);] with L in the presence of a
catalytic amount of a polynuclear iron carbonyl anion; a convenient syn-
thetic procedure was developed in which the anion was generated in situ
[32]. Treatment of [Fe;(CO),,] with (MesC);P (= L) in MeOH gives
[Fe(CO);sL], whereas reaction in ether gives [ Fe(CO);L,].[33]. CO does not
exchange in the complex [(LF)Fe(CO),] (LF =1,3-dimethyl-2-fluoro-1,3,2-
diazaphosphclidine); however, removal of F~ from the ligand gives
[LFe(CO);]1 ", which undergoes rapid exchange at room temperature [34].

[Fe;(CO)g] reacts with [P(CF3)H;] to give [(OC)sFe{P(CF;5)H,}] which,
on heating, yields [ Fe,(CO)q{#-P(CF3)H},]; this exists in two isomeric forms,
and the structure of the trans-isomer has been determined [35]. Structural
studies of [Fe,(CO)¢(u-AsMe;),] and [FeCr(CO),(u-AsMe,),] show both to
possess folded M,As, arrangements, which have been rationalised in terms of
the geometric requirement of the ligand [36]. Reaction of [(OC);Fe,-
(2-PPh,)(u-CHCPh=NR)] with HX yields [ {(OC);Fe},(u-PPh,)(u-X)] (X =
Cl, Br, I or RCO,; R = H, Me, Et or CF;) [37]. Treatment of Li[Co3(CO),.]
and [Fe,(CO)y] with PPh,Cl gives [(OC)3;Co(u-PPh;)Fe(CO);s] [38].
[(OC)sFe(u-AsMe,)Co(CO),(PMe;)] is an active catalyst for the dimerisation
of norbornadiene to binor-S {39].

Reaction cf [(OC)sCrMPhX,] (X = Cl or Br; M = P, As or Sb) with
[Fe,(CO),] gives (1), and the structure of phosphide has been reported. Irra-

Ph Cr(CO)
~ / S ((p:g))g
™M

(OC),Fe Fe(CO),

(OCXCr.
| —retcon

(1) (M =P, As Oor Sb)
Ph

Pr-XY



diation of (1) gives (2) [40]. [PhPCo,Fe(CO),] and the chiral complex
[PhPFeMoCo(cp)(CO)g] have also been prepared [41].

The arsole (3) reacts with [Fe,(CO)s] in benzene or with [Fe;(CO),,] in
toluene to give a mixture of (4) and (5) whereas, with [Fe;(CO),.] in xylene,
(4) and (6) are formed [42]. (7) and [(cp)Fe(CO),I] give (8), which on

Ph Pn_ FeCO),  Pn_  Fe(CO) Ok g\

A As As Fes—> Fe(CO),
v U W =

Fe(co)s
(3) (4) G)) (6)
As

K ‘<C>T>’

As = —
U QAS—Fe(CO)ZCD Fe [ QAS —f—'e(CO)cp}

s :
(7) (8) ) (10)

heating in xylene gives (9) and (10) [43]. Other phosphole, arsole and
stibole (L) complexes [(cp)Fe(CO),L] have also been isolated [44].

Reactions of various P-, As- and Sb-containing ligands with [Fe;(CO),,]
under mild conditions have been investigated. [Fe;(CO),,L], [Fe3(CO),oL:]
and [Fe;(CO)s{P(OR);};] were formed, as well as [ Fe(CO),L] and
[Fe(CO);L.]. Cluster breakdown is greatest with phosphines and least with
phosphites. Only [Fe3;(CO)s{P(OR);}1] (R = Me,CH, cych and perhaps Et,
2-MeC:H, or 4-MeC4H,) exist solely in the non-bridged form in the solid
state as well as in solution. The remainder exist as CO bridge isomers in the
solid, and isomerise to a mixture of bridged and non-bridged forms in solu-
tion [45]. [(cp)Fe(CO)(I)LFe(cp)] {L = (Ph,PCH,CH,);N or (Ph,PCH,-
CH.);P} have been prepared and a structural study of the former shows the
{(cp)Fe(CO)I} unit to be P-bound only, whereas the {(cp)Fe} unit is NP,-
coordinated [4G].

[S:Fe,(CO)s] reacts with HGeCl; - 2 Et,O or HMCI; - Et;N (M = Ge, Si)
to give [(Cl,Ge)S.:Fe,(CO)s] or [M{S,Fe,(CO)s}1, respectively. The germa-
nium and silicon atoms are bonded to the two bridging sulphur atoms of
each {Fe,(CO)¢S,} unit [47].

Treatment of [Fe,(CO)sX,] (X = S or Se) with phosphine ligands (L)
gives [Fez(CO)sL(X).], [Fe:(CO)sL2(X).] and [Fes(CO)s_.(S).] (x =0, 1 or
2); the proposed mechanism of the reactions implies an initial formation of
[Fe,(CO)eL(X).] [48]. Reaction of [Fe,(CO)4S,] with MH (M = Na or K)
gives [Fe,(CO)¢S,]1", which reacts with alkyl icdide to form [Fe,(CO)«(SR).]
and with [SnMe,] to form [Fe;(CO)¢S,SnMe,], which possesses an analogous
structure to the GeCl, and SiCl, adducts above. However, use of alkyl lithium
compounds produces the new anions [Fe,(CO)q(1-S)(-SR )]~ [49]. Electro-
chemical reduction of [Fe,;(CO),-,L,XY] (X=Y=SRorPR,; X=SR, Y =
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PR,; L. = PR;) proceeds via two irreversible processes. Chemical oxidation of
the complexes did not lead to the isolation of dications but to formation of
[ {Fe(PMe»)(CO)3}2Ag] [NO;], [Fe(SMe)(CO),(PMe;)]2[MOs]; and [{Fe-
(SMe)(CO);(PMe;)}.F]{PF¢] [50]. SO, acts as a Lewis acid towards the
Fe—Fe bond in [(u-SMe)Fe(CO),L], (L, = PMe; or PMe,PH) and yields the
insertion product, [{(-SMe)Fe(CO),L},80,] which, on treatment with
dioxygen, gives the sulphate-bridged analogue [51]. [(CH,S;)Fe,(CO)¢] has
been prepared and a structural study shows it to have a shorter iron—iron
bor:d than is usual in such complexes [52]. [(cp)Fe(CO).(SCsH,SMe)] and
[{(cp)Fe(CO),}.8,CcH,) have also been reported [53]. Some further reac-
tions of [RSFe(CO),1, complexes are outlined in Scheme I [541.

Scheme |

RSH + [Fes(co),]

b

LiAtH,
[RsFe(c0)], ———————= RSH

HNO3
RSR
CuCl,

RSOsH + Fe(NO;),

RSSR RSSR
A .
[Rsretco), ], + [R'sretcon], —5—= RSSR' + R'SSR + R'SSR’
2
74
[Fe;co,] + RSH/R'SH ———= [RSFe(CO)3]2 + [R‘SFe(CO)3]2 +

{tecy Felu-sR) (2- SR') FelCcO), ]

Reaction of [Fe,(CO})s] with RN=S=NR (R = CMe; or 4-tolyl) leads to
breakdown of the dimidosulphur ligand giving rise to (11) and (12), respec-

o
(OC), F r-e il
T N //C \S
s—-—- Fe(CO)3 ol N vz
—
(OC);Fé Fe(CO),
(c0)3
(11) (12)

tively, the structures of which were established by X-ray crystallography
[55]). XPES studies have been directed towards establishing the nature of the
metal—metal bonds in [Fe,(C0O)¢S:1, [Fei(CO)sS.], [Fe:(CO)sB.Hg] and
[Fel(CO)s {SNCMe;}} [56]. (13) undergoes elimination of a {Co(CO)s-
AsMe,} unit to form the chiral cluster (14) [57].
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Treatment of [Fe(n*-CS,)(CO),L.] (L = PPh;, PMe,Ph or 3,4-dimethyl-1-
phenylphosphole) with CF;CO,H gives [Fe{ OC(O)CF;}(CO).L;], which
undergoes oxidation with [NO][PF;] to [Fe{OC(O)CF;}(NCMe)(CO).L.]-
[PF¢] [58]. [(cp)Fe(CO).(H,0)] reacts with Na[S(O),OR] (R = Me or Et)
to yield [(cp)Fe(CO),S(0),OR], which on hydrolysis gives the strong acid
[(cp)Fe(CO),S(0),0H] [59].

Other studies involving iron carbonyl compounds are summarised in
Table 1.

1.2 NITROSYLS

Treatment of [Fe(n?-CS,)(CO),(L)(L')] (L = L’ = PPh; or PMej;; L. = PPh;,
L' = PMe; or PMe,Ph) with [NO][PF,] yields [Fe(CO),(L)(L')(NO)]{PF,]
[60a]. [Fe(NO),(dtp).] (dtp = di-isopropyl- or di-cyclohexyldithiophosphate)
have been prepared and studied by EPR spectroscopy [60b]. The replace-
ment of the carbonyl groups in [Fe(CO),(NO),] by chelating ligands involves
initial rate-determining unidentate coordination of the ligand, followed by
rapid ring closure [61]. [Fe(tmc)(NCMe)][BF,], (tmc = tetramethylcyclam)
reacts with NO in MeNQO, or [NO][BF,] in MeCN to give the paramagnetic
[Fe(tmc)NO][BF.], or the diamagnetic [Fe(tmc)(NO)(OH)][BF,}. - MeCN,
respectively; the hydroxyl group in the latter complex appears to arise from
a wet solvent. The former complex shows an S = 3 = S = § spin equilibrium,
and a structural study on the per_chlorate ana.logue shows a distorted tetra-
gonal pyramidal coordination, with NO in the axial position (FeNO =
177.5%); the latter is six-ccordinate with NO and OH ligands in axial posi-
tions (FeNO 178.3°) [62]. [Fe(SS)(INN)(NO)] complexes (SS = maleo-
nitrile dithiol, NN = Schiff base from biacetyl and PhNH,, 4-toluidine,
4-anisidine, 4-chloroaniline) have been prepared [63]. The structure of
sodium nitroprusside, Na,[Fe(CN)sNOJ], has been redetermined; the iron
atom is displaced from the (CN), plane by 0.183 A towards the nitrosyl
group and no significant differences were observed between Fe—C(¢rans) and
Fe—C(cis) distances (1.918 and 1.929 A respectively) in contrast to other
[M(CN)sNO]1™"™ ions where M—C(trans) is longer than M—C(cis). The FeNO
angle is 175.7° [64]. A study of [!*CN]~ exchange with [Fe(CN)sNO]"™
(n=1, 2 or 3) and [Fe(CN);sNOH]>" has been reported [65].

1.3 IRON(0)

UV irradiation of [Fe(CNEt)s]' in diethyl ether gives a 60% yield of
[Fe,(CNELt),]; [ Fe(CNCMe;)s] reacts with PhC=CPh to give (15). The crystal

NBu

Ph
/>Fe(CNBu)3

Ph
NBu
(15)



TABLE 1
Miscellaneous iron carbonyl complexes

Compound * Comments Ref.

cis-[ {(cp)Fe(CC)}2(u-CO)(u-CS)] X-ray structure, revealing an Fe—Fe a
bond length intermediate between the
analogous (1-C0O), and (4-CS), com-
plexes

[(CsH4R);Fey(CO)4-n (CNR'),] IR study of interaction with phenols b

[Fez(CO)s{InMn(CO)s}21 X-ray structure, revealing a 4-mem-
bered Fe;In; ring, with no Fe—Fe bond

[(OC)4Fe(GeH,Me), ] Halogenation of the germyl groups was d
reported

[(OC)4sFe(GeH3)(GezHs)] Preparation from [(OC)sFe(GezHs),] e

[{cp)Fe(CO),NH3 ] Reaction with R,CO to yield a coordi- f
nated —N=CR, group

[(cis-diazine)Fe3(CO)s] Fluxional behaviour of the diazine g
ligand was observed

[Fe(CO)3L1{L = PPh,CH,CN or Preparation described h

PPh,(CH,CO,Et)}

[Fe(CO)3L2] and [Fe(CO)4L] Preparation described i

{L = P(NMeCH,)3CMe or

As(NMeCH;);CMe}

[Fe2(CO);L,;] and [Fe(CO);L-] L chelates, bonding via both P atoms j]

{L = (CMe3NPCI), }

[ {(Me;N)3P},Fe(CO)3] X-ray structure, revealing a trigonal— k
bipyramidal structure, with axial phos-
phoramide ligands

{(cp)Fe(CO) {(PPh;),CH,} ]I BPh,] X-ray structure reported 1

[(cp)2Fey(CO), {u-PN3(PF;), } Prepared from [(cp)Fe(CO),] and m

(n =5 o0r6) (PF2N); (n = 6) or by decarbonylation
(n =5)

[(cpjFe(CO), {P(CF3)2}1] Prepared from [(cp);Fe2(CO)s] and n
[P(CF3)2 {O(CH,):Cl}]

[(OC)2(PPh;)Mn(CsH,4)Fe(CO)(cp)- Preparations described o

(PPh3)] and [(OC),(PPh3)Mn(CsHa)-

(CO)Fe(CO)(cp)(PPh3)]

[(LL')Fez(CO)g] {LL' = CPh=CPhS Fluxional behaviour studied p

or C¢H,CH,NR (R = Me or Ph)}

[(CPh=CPhS)Fe,(CO)s ] X-ray structure reported p

(a) D.E. Beckman, Report 1979, IS-T-843 {Chem. Abstr., 91 (1979) 100213). (b) S. Willis
and A_R. Manning, J. Chem. Res., (S), (1978) 390. (c) H. Preut and H.J. Haupt, Acta
Crystallogr., B35 (1979) 2191. (d) A. Bonny and K.M. Mackay, J. Chem. Soc., Dalton
Trans., (1978) 1569. (e) F.3. Wong and K.M. Mackay, Inorg. Chim. Acta, 32 (1979) L21.
(f) D. Sellmann and E. Thallmair, J. Organomet. Chem., 164 (1978) 337. (g) P. Mastro-
pasaqua, P. Lahuerta, K. Hildenbrand and H. Kisch, J. Organomet. Chem., 172 (1979) 57.
(h) P. Braunstein, D. Matt, F. Mathey and D. Thavard, J. Chem. Res. (S), (1978) 232.

(i) R.D. Kroshefsky, J.K. Verkode and J.R. Pipal, Phosphorus Sulphur, 6 (1979) 377.

(i) L.S. Jenkins and G.R. Willey, J. Chem. Soc., Dalton Trans., (1979) 777. (k) A.H.



structures of both products have been determined [66]. Sodium-amalgam
reduction of [FeCl,(PR;).] (x = 2 or 3) in the presence of excess PR3 (PR; =
trimethylphosphine or trimethylphosphite) yields [ Fe {P(OMe);}s] or
[HFe(CH,PMe;)(PMe;);] [67]. Co-condensation of Me,NPF, (L') with iron
atoms gives [FeL:] and similar reaction of MeN(PF,), (L") gives [ FeLj].
Condensation of L' and L"” (4 : 1) with Fe yields [FeL3L"] [68].

1.4 IRON(II)
1.4.1 Halides

[RPCl;]1[FeCl,s] and [RPCL,Ph][FeClL,] (R = Bu, amyl, C4H,, or Ph;C)
have been prepared [69]. The structures of [MeNH,]4[FeClg] - H,O [701],
RbFeCl; - 2 D,0 and CsFeCl, - 2D,0 [71] have been reported. A Mdssbauer
study of Fe!"M"F; - 7TH,O (M = Zn, Co or Fe) and AlFeF; - 7 H,0O shows
these compounds to be isostructural, as are their corresponding dihydrates.
It was suggested that the heptahydrate exhibits discrete octahedral coordina-
tion, whereas that in the dihydrate is face-shared octahedral [72]. When
aqueous FeBr; is treated with MgO, dihydrogen, MgBr, and green rust,
[Fe(OH).]1.[FeO(OH)], FeOBr are formed [73].

1.4.2 Cyanides

The syntheses of M,[Fe(CN)¢] (M = Co, Cu or Cd), Cd,Fe(CN), and
M, Zn[Fe(CN)¢] (M = Co, n = 1; M = Na, Cu or H, n = 2) have been reported.
[74]. Diantipyrylmethane (L) and H,, [ Fe(CN)¢] (n = 3 or 4) form [HL].-
H[Fe(CN)¢] and [HL].H,[Fe(CN)s] 3 H,O, whereas reaction with
H,[Fe(CN)sNO] yields [HL],[Fe(CN)sNO]}. Heating the hexacyano-com-
plexes leads to Fe,[Fe(CN),], while heating the nitroprusside gives
Fe[Fe(CN)¢] [75]. Structural studies on KCe[Fe(CN)¢] - 4 H,O [76],
[NH4]4[Fe(CN)s] - 1.6 H,O [77] and Co[Fe(CN)¢] [78] have been reported.
The redox potential of the [Fe(CN)¢]*™ and [Fe(CN)s]°~ couple has been
determined in a range of non-aqueous solvents [79].

Fe[Fe(CN);X] - x H,O (X = H,0, NH; or CO) have been prepared and con-

References to Table 1 (continued)

Cowley, R.E. Davis, M. Lattman, M. McKee and K. Remadna, J. Am. Chem. Soc., 101
(1979) 5090. (1) R.B. English and M.M. De V. Steyn, Acta Crystallogr., B35 (1979) 854. (m)
P.P. Greiggen and H.R. Allcock, J. Am. Chem. Soc., 101 (1979) 2492_ (n) W. Clegg and

S. Morton, J. Chem. Soc., Dalton Trans., (1978) 1452. (o) A.N. Nesmeyanov, E.G.
Perevalova, L.I. Leont’eva and E.V, Schumilina, Izv. Akad. Nauk SSSR, Ser. Khim.,

(1977) 2813 (Chem. Abstr., 90 (1979) 137965). (p) J.P. Hickey, J.C. Huffman and L.J.
Todd, Inorg. Chim. Acta, 28 (1978) 77.
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tain low spin Fe'™C and high spin Fe''—N centres [80]. [Fe(CN)sL}*” (L =
3- or 4-cyanupyridine) have also been reported [81], as have the 3-substi-
tuted-pyridine analogues [82], and oxidation of these complexes has been
studied [82,83]. [Fe(CN)sNO,]?" reacts with excess (CH,),(CH,NH,), (n =
1—4) (L) to form [Fe(CN)sHL]?*" [84]. [Fe(CN)sH,0]>™ reacts with
[M(NH;)sL]?* to give Na[(NC)sFeLM(NH;)s] (L = 4,4"-bipy or pyrazine)
[85]. A mechanistic study of the oxidation of ethanol by Fenton’s reagent
is consistent with a radical chain mechanism involving short chains [86].

1.4.3 N-bonded ligands

Structural studies on [Fe(2-picoline)¢]Cl, - EtOH, in the high spin state at
298 and 150 K and in the low spin state at 90 K, show Fe—N distances
reduce from 2.195 to 2.013 A upon spin pairing [87]. A study has been
made in an effort to discover the relationship between spin state and struc-
ture in [Fe(2-pa);]Cl, - solvent (2-pa = 2-picolylamine). The dihydrate is low
spin at room temperature and below, whereas the mono-methanolate is high
spin at room temperature and becomes low spin between 100 and 200 K. The
former has fac geometry, whereas the latter has the mer configuration, the
différence being attributed to hydrogen bonding which occurs only in the
hydrate. The mean Fe—N difference between the solvates is 0.192 A.
[Fe(2-pa);]1X; - S (X = Br, S = MeOH or EtOH; X = Cl, S = EtOH) also adopt
the mer configuration and exhibit spin transitions [88]. A structural study
on the intermediate spin complex, [ Fe(phen);11, - 2 H,O has been reported
[89]. [Fe(phen),(0x)] - 5 H,O also shows a spin equilibrium whereas the
corresponding monohydrate is high spin, as is [ Fe(phen).(malonate)] - 2 H,O
[90]. Contrary to previous studies, variable temperature Mossbauer spectra
of [Fe(2.9-Me,phen),(NCS),} between 1.8 and 300 K show the complex to
be high spin at all temperatures [91].

A study of the mechanism of [OH]™ attack on [Fe(phen);]** is consistent
with a mechanism in which [OH]" initially attacks the 2(9)-position of the
coordinated ligand, and indicates considerable C—OH --- Fe interaction [92].
The reactions of [OH]~ with [FeL;}?>* (L = bipy, 4,7-Me;phen, 5-Brphen or
related ligands) complexes [93], and [Fe(2,2'-bipyrimidine);]** with [OH]"
[N3]” and [SCN]™ [94] have also been studied. In a similar investigation of
the reaction between [CN]™ and [FeL;]** (L = phen, 5-Clphen, 5-NO,phen
or bipy), [Fe(LCN),L] was isolated and shown to be an intermediate in the
substitution reaction [95]. On exposure of solid [(6,6'-dihydrazino-2,2'-
bipy)FeCl,] to dioxygen, quantitative transformation to a variety of iron(II)
polypyridine complexes occurs, with evolution of N, [96].

A Mbssbauer study of [FeCl,L,] (L = 2- or 8- pyCR'=NR"; R' = H, Me or
Ph; R" = Ph, C4HsMe or C4H4Cl) showed that the 2-pyridyl complexes
changed from high spin to intermediate spin when R’ changed from H to Me
or Ph, whereas changes in R"” had no effect on the spin state. The 3-pyridyl
complexes are all high spin [97]. [Fe(2,4,6-tri-(2-pyridyl)-1,3,5-triazine), ]**
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undergoes two reactions with water over long periods. The first is the well
known dissociative process, and the second is another example of reaction at
the coordinated ligand [98].

1-Benzyl-2-phenylbenzimidazole (bpbi) and 2-coumarinylbenzimidazole
(cbi) form the complexes [ FeL,X,] (L = bpbi or cbi; X = Cl, Br, I or NCS)
and [Fe(cbi); J[ClO,4],. Infrared data suggest N(3)-coordination of bpbi and
N(3) and CO coordination of cbi. The perchlorate has regular octahedral
coordination, whereas that of the I and NCS complexes is pseudo-octahedral
and that of the Br and Cl complexes is distorted octahedral with bridging
halide ions [99]. The high spin complexes [Fe(HL),X,] - H,O (HL =
2-hydroxymethylbenzimidazole; X = Cl or Br) have been reported [100].

A study has been made of the variation of half-wave oxidation potential
with the properties of substituents on the ligands in the complexes [Fe(tim)-
(MeCN),][PF¢].{tim = (16)}. A linear relationship with ¢, values of the

R___N N___R
K, X
RNy nZ R

(16) (R =Pn, 4-MeCgHy, 4-MeOCgH,

or Me; R4z = MeyPh,)
substituents was established [101]. Photochemical behaviour of the com-
plexes [Fe(tim)(NCS).], [Fe(tim)(imid),]?>* and [Fe(tim)(MeCN)(CO)}**
{tim = (16, R = Me)} has been studied by laser and flash photolysis. Rapid
substitution reactions and metastable products were observed [102]. A
kinetic study of axial ligand exchange in the complexes [ Fe(tim)L,] and
[Fe(tim)L(MeCN)] {tim = (16, R = Me); L. = imidazole or methylimidazole}
has been interpreted in terms of ¢ and 7 bonding effects and the hole size of
the macrocyclic ligand [103].

[(FePc),(0,)] (PcH, = phthalocyanine) has been obtained from [FePc] and
O, in dmso [104]. A similar reaction in concentrated H,SO,4 has been studied
kinetically; [ FePc], presumably tetraprotonated, reversibly forms [ FePc(O,)]
and this is followed by formation of the unstable compound [FePc(O;).]
[105]. XPES and EPR studies on monomeric, dimeric and polymeric forms
of [FePc] have been related to the catalytic activity of the compound in the
electrochemical reduction of O, {106].

Treatment of [NH,;].[Fe(H,0)6][SO4], with hydrazine hydrate in air
gives [N,H;][Fe(N,H3CO,);] - H,O via the intermediates, [N,H;],Fe(SO,), -
3 N,H,, [N,H;],Fe(OH), - (N,H,),2, [Fe(N,H3CO0,).(N.H,).] and [N,Hs]-
[Fe(N,H3CO;);] [107]. Reaction of FeX;3 (X = Cl, Br or I) with N,Hs,
NH,NHMe or NH,NMe, (L) leads to reduction to Fe(II) and formation of
polymeric FeL,X, [108]. The N-(2-picolidene)-1-naphthylamine (L') com-
plex FeL} s (SCN), has been reported [109].

The complexes, [Cu(imep)]* and [Cu(bidH)]* (imepH = 2-(2-imidazol-4-
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yl-ethylimino)methylpyridine, bidH, = 2,3-bis(2-imidazol-4-yl-ethylimino)-
butane) form imidazolyl bridged complexes with [Fe(tim)(MeCN},]**

{tim = (16)} and these have been discussed in terms of the Palmer model for
heme-a;-Cu(f) interaction in cytochrome oxidase [110]. Trans-[PdX {C(NR)-
CMe(NR)} L,] (X = Cl or Br; R = 4-anisyl or cych; L = PPh; or PMePh,) and
cis-[PACI{C(NR)CMe(NR)} L'] (R = 4-anisyl; L' = dppe) from 1 : 1 adducts
with FeX, which contain tetrahedrally coordinated iron [111]. FeCl, -

2 H,C reacts with K,[Hg(SeCN),] to form Hg(SeCN),Fe [112].

1.4.4 O-bonded ligands

Fe(SO;F), has been prepared and is thought to contain tridentate [SO;F]”
ligands; the octahedral derivatives [Fe(SO;F),L,] (L=pyoren,n=2;L =
PPh; or 4-CIC{H,NH,, n = 1) have also been isolated [113]. The complexes,
[FeL,X,] (L = urea, thiourea, diisopropylthiourea, dimethylthiourea, 2-(1H)-
tetrahydropyrimidone or 2-imidazolidinone;n = 3,4 or 6, X = Cl, Br or I;

n = 2, X = SCN) have been prepared; all are octahedral and some are poly-
meric. Tetrahedral [FeL,X,] (X = Cl, Br or I) have also been isolated {114].

Fe(B-dik), (B-dik = acac, benzac or dibenzoylmethane) react with thio-
urea, phenylthiourea, MeCSNH, and PhCSNH, (L) to form [Fe(#-dik),L,]
(n=1 or 2) [115]. [FeX,LL'] and [FeX,L,] (X = py or substituted-py; L. =
dmg or a-benzildioximate; L' = C;H,;NC, CH3;C¢H4NC) have also been
reported [116]. The reaction of FeCl,, the dioximes acac-dioxime and 1,2-
diphenylethane-1,2-dionedioxime (LH}, and H;BO; in alcohols yield the
alkoxyboron bridged encapsulated complexes, [ FeL3;(BX),]} (X = OH, OMe,
OEt, OCMe,H or OBu) [117]. 2,5-Dihydroxy-1,4-benzoquinone and 2,5-
dichloro-3,6-dihydroxy-1,4-benzoquinone (L) form the iron(II) complexes
{FeL(H,0),;], and [FeL(pyrazine)], [118].

There has been much interest in amine-N-oxide complexes and these are

summarised in Table 2. Similar interest in phosphinate complexes is summar-
ised in Table 3.

TABLE 2

Some amine-N-oxide complexes of iron(II)

Complexes Ref.
[Fe(Et3NO), X, (X =Cl, BrorI) 119
[FeL4(0OC103)] [ClO4] (L = 3-methylisoquinoline-N-oxide) 120
[FeL3(ClQO4)2] * 6 H,O (L = quinoxaline-1,4-dioxide) 121
[FeL3(OH;),(0Cl03)]ClO04, [(H20)4LFeLFeL(OH3);][ClO4]4 - 16 H,0

(L = phenazine-5,10-dioxide) 122
FeL, - 6 H,0, Fz2L, - 0.5 H,O (L = isonicotinate-N-oxide) 123

{FeL(LH),(0OH;),}[Cl04] 2 H,O (LH = picolinic acid-N-oxide) 124
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TABLE 3

Some phosphinate complexes of iron(II)

Complexes Ref.
[(O3;CI0)(H,0),;LFe(L);FeL(0OH,),(0Cl03)][C10;]2 {L = MePh(MeO PO} 125
[L3Fe(L);FeL31[Cl04]14, [ClaLFe(L),FelCl, ] {L = (4-CH5CcH40),P0)} 126
{F6L3}[CIO4]2 * H20 {L = (MECOZ){EtO)zl’O} 127
NaFeL - 9 H,0, K3FeL; - 5 H,0 (L = trimetaphosphinate) 128

1.4.5 S- and P-bonded ligands

Treatment of [Fe(SPh),;]>~ with [(PhCH,),S;] or trithiothreitol gives
[Fe,S,(SPh);]>~ or [Fe,S,,]>", respectively. The centrosymmetric [ Fe,S;,]%"
anion consists of a rectangular Fe,S; core [average r(Fe—S) = 2.192,
r(Fe—Fe) = 2.701 Z&} , with the remaining two coordination sites on the
tetrahedral iron atoms being occupied by [S5]*” ions {r(Fe—S) = 2.320}
[129]. Fe(chxn), (chxn = cyclohexylxanthate) has been prepared and Moss-
bauer data show it to contain two iron(II) sites, presumably in a polymeric
structure. The derivatives, trans-[ Fe(chxn),L,} (L = MeOH, EtOH or py),
cis-[ Fe(chxn),(phen)] and [Fe(chxn);]™ have also been isolated [130].

The cationic complexes [Fe{P(OR);}sX]* have been prepared by the oxi-
dation of [Fe{P(OR);}s] (X = H, Me or CF,) or by addition of P(OR); to
[Fe(thf),X,] (X = Cl, Br or I}; the latter reactions proceed under different
conditions through two distinctly different isolable intermediates, both of
formula [Fe{P(OR);}:X;] [181]. [FeLCl, ], {L = 1,3-(Me,PCH,),C¢Hs} and
[FeLL'Cl,] (L' = Ph,PCH,CH,PPh,) have been isolated; the latter is con-
verted by sodium amalgam to [FeH(L—H)L'] [132]. Trans[FeH(SiR3)L,}
and trans-Fe(SiR;),L, {R3 = (OEt),, Cl; or MeCl,; L, = dppe} have been pre-
pared [133]. Irradiation of [(cp)Fe(CO),Br] and dppe in MeCN gives
[cpFe(dppe)(NCMe)]Br in good yield; the MeCN molecule is easily displaced
to give [(cp)Fe(dppe)X] (X = CN, SCN, SPh, I, Br, Me or H) [134].

1.4.6 Mixed donor ligands

The uridine and thymine complexes, [ FeL.X;] (X = Cl or Br) have been
prepared; uridine binds through CO with chelation via the ribose residue and
thymidine binds through the deoxyribose residue [135]. The ATP complex,
Na,Fe(ATP) - 2H,0, has been isolated and contains pseudo-tetrahedral coor-
dination at the iron(II) [136]. Complexes of 1,4-di{4-methyl-3-sulphoanilino)-
anthraquinone (alizarin cyanine green) and 1-amino-2-bromo-4-(2-sulpho-4-
methylanilino)anthraquinone (alizarine pure blue B), FeL,, have been iso-
lated. The ligands are bonded via the a-amino N atom and the O atom of the
neighbouring CO group [137a]. Iron(II) complexes of Schiff bases, derived
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from pyridine-2-carbaldehyde, phenyl-2-pyridylketone, 2-pyridylketone,
pyridine-2,6-carbaldehyde or 2,6-diacetylpyridine and a range of amines,
have been prepared and the Kinetics of aquation and cyanide attack studied
[137b]. Electrochemical reduction of [ Fe,(salen),O] proceeds via sequential
steps to a stable Fe'''—Fe!' dimer and an unstable Fe!'—Fe!' dimer; the inter-
mediate dimer also undergoes further dimerisation to a tetramer, which then
undergoes further reduction leading to consumption of 1.5 electrons and 2
electrons per Fe, unit. The authors suggest that these results reflect a strong
interaction between the metal centres in Fe—O—Fe that is not apparent in
other physical studies [138]. [MFe(aapen)Cl] (M = Ni, Cu; aapen = Schiff
base derived from 2-acetoacetylphenol and en) [139] and [CoFe(fsapn)(py);]
(fsapnH, = NN'-bis(3-carboxysalicylidene)-1,2-diaminoethane) [140] have
been reported. The characterisation of other iron(Il) Schiff base and related
complexes is summarised in Table 4 and a selection of other studies involving
iron(II) complexes are cited in TaPle 5.

TABLE 4
Some Schiff base and related ligand complexes of iron(II)

Complex Ref.
[FeL] (LH, = 2 HO-CcH4CH=NC¢H3-3 OH-4 CO:H, 4 HO-C4H,CH=NCg¢H3-

3 OH-4 CO,H or 3 MeOCz H4CH=NCgH3-3 OH-4 CO;H) 141
{Fe(HL),py2: ] (H,L = PhACH=NNHCOC¢H4-2 OH or MeOC¢cH,CH=

NNHCOCzH,4-2 OH) 142
[FeL,] (LH = N-salicylideneaminoquanidine or N-salicylidenenitroamino-

quanidine) 143
[FeL] (H,L = N-salicylidene-5-hydrazo-1 H-tetrazole) 143
[Fe(hmpx)2X2 ] (hmpx = 6-methyl-pyridine-2-aldoxime; X = Cl, Br or I) 144
[FeL2Cl],; (LH = salicylideneanisidines) 145
[FeLX2] (L = R'CMe=NNHCOR; R = Ph, 2-thienyl or Me; R’ = 2-pyridyl;

X = Cl, Br or NCS) 146
{FeL,] (LH = RCH=NCgH4-2-SO3H or RCH=NCH;CH;S0;3H; R = 2-furanyl) 147
{Fe(LH)4Cl2 ], FeL; - x H;0 (LH = C¢H4(OHYCH=NNH;) 148
[FeLCl,] - 2 EtOH (L = picolinoyin:drazone) 149
[Fe(H;L)Cl; ], [FeL(H20);] (H,L = succinyldiacetonehydrazone) 150
[FeLCl, ] (L = 2-hydroxyl-1-naphthalidene-N-methyl-S-methyl-benzyldithio-

carbazate) 151
[Fe(H,L)Cl, ] - H20, [FeL(H;0); } (LH; = oxalyldihydrazone) 152
[(FeLJ* (H,L = 4,4.9,9-tctremethyl-5,8-diazadodecane-2,11-dione dioxime) . 153a

Na[FeL3] - HO (HL = PhN=NCR=NOH (R = Me, Pr, Ph or 4-MeCcH,)) 153b
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TABLE 5
A selection of studies on some iron(II) complexes
Compound Comments Ref.
[FeL,(NCS), ] (L, = range of substituted
phen ligands) Magnetic study a
[Fe(bipy);]1X3 Thermochemistry b-
[FeL31%* (L = a range of substituted
bipy ligands) Electrochemistry ¢
[Fe(bipy)3]2+, [Fe(phen);}** Kinetics of [OH]™, [CN]~, CI”, Br" or
I attack d
[Felsg ]S04 (L = 2-amino-5-phenyl-
1,3,4-oxadiazole) Preparation and IR spectra described e
[Fe(biimidazole-H)], Preparation described f
[Fe(C1aH24N4)(MeCN), 1{PFs ]2 X-ray structure, revealing a pseudo-
octahedral environment for Fe(II) g
[FePc(4 Mepy); ] - 0.5(4-Mepy) X-ray structure, revealing a pseudo- =
octahedral environment for Fe(II) h
[FePcL, ] (L = imidazole or 4-NH,py) Kinetics of substitution i
[Fe(sulphophthalocyanine)] Photochemistry i
[FePel Massbauer study k
[Fe(thf)s ][SbClgs )2 Preparation described i
Fel, - 2 thf Preparation described m
[Fe(CF3CO2):1 Electrochemical preparation n
Fe(ox) Maoassbauer study o
Fe(lI)-oxalate, squarate or dihydroxy- :
benzoquinone complexes Magnetic study o]
Fe(formate); - 2 H,0O Thermal decomposition q
[FellFellIQ(H;L)L] 3 H,0 (HsL =
ascorbic acid) Preparation described r
Fe(1I)-1,2-cyclohexanedione dioxime
compiexes Preparation described s
Fe(1I}/O, reaction Kinetic study t.
Fe(II}/H; 05 reaction Kinetic study u
{Fe(tetrathiafulvalene-tetrathiolate)] Preparation described v
[FeHX(dppe): ] and [FeHL(dppe)1X Mossbauer and IR studies w
[Fe(2-methyladenine)X, ] Preparation described x
[Fe(1-sparteine)X,] Preparation described y
{FeLCl,] - n H,0 (L = 2-benzoyl-
pyridine, n = 2 or 6) Preparations described z
[Fel,Cl; ] (L = 2-carbethoxypyridine) Preparation described aa
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TABLE 5 (continued)

Compound Comments Ref.

[FeLj;X4] (L = nicotinamide or nicotinic

acid) Preparations described bb
[FeLCl; ] (L = ethylenediaminetetra-
acetamide) - Preparation described cc

Fe(iI)-O-(2-pyrroylmethyleneamino)-
benzoic acid or 3-(2-pyrroylmethylene-

amino)propanoic acid complexes Preparations described dd
Fe(Il)-benzooxazole-2-thione complexes Preparations described ee
Fe(PhCOS), ] Preparation described ff

Fe(1I)-4-benzylamidothiosemicarbazide
or 1-(a)-furyl-4-benzylamidothiosemi-
carbazide complexes Magnetic study gg

(a) X. Madeja, W. Bochmer, T.T. Nguyen, G. Ochme, A.A. El-Saghier, A. Vertes and K.
Burger, Z. Anorg. Allg. Chem., 447 (1978) 5. (b) S. Aditya and S.C. Labhiri, J. Inorg. Nucl.
Chem., 40 (1978) 1069. (c) J.M. Rao, M.C. Hughes and D.J. Macero, Inorg. Chim. Acta,
35 (1979) L369. (d) G.A. Lawrence, D.R. Stranks and S. Suvachittanont, Inorg. Chem.,
18 (1979) 82; S. Raman, J. Inorg. Nucl. Chem., 40 (1978) 1073. (e) N.B. Singh and J.
Singh, J. Inorg. Nucl. Chem., 40 (19789 919. (f) A.A. Abushamleh and H.A. Goodwin,
Aust. J. Chem., 32 (1979) 513. (g) H.W. Smith, B.D. Sentarsiero and E.C. Lingafelter,
Cryst. Struct. Commun., 8 (1979) 49. (h) F. Cariati, F. Morazzoni and M. Zocchi, J. Chem.
Soc., Dalton Trans., (1978) 1018. (i) J.G. Jones and M.V. Twigg, J. Chem. Soc., Dalton
Trans., (1978) 1709. (i) G. Ferraudi, Inorg. Chem., 18 (1979) 1005. (k) G. Kiss, Petro-
chimia, 18 (1978) 565 (Chem. Abstr., 90 (1979) 112585). (1) W.L. Driessen and M. Den
Heijer, Inorg. Chim. Acta, 33 (1979) 261. (m) R. Job and R. Earl, Inorg. Nucl. Chem.
Lett., 15 (1979) 81. (n) Y.A. OP’'dekop, N.A. Maier, A.A. Erdman and V_.L. Shirokii,
Vestsi. Akad. Navuk BSSR, Ser. Khim. Navuk, (1979) 116 (Chem. Abstr., 90 (1979)
2122286). (o) F. Aramu, V. Maxia and C. Mutoni, Hyperfine Interact., 5 (1978) 399
(Chem. Abstr., 90 (1979) 31541). (p) J.T. Wrobleski and D.B. Brown, Inorg. Chem., 18
(1979) 2738. (q) Y. Masuda and S. Shishido, Thermochim. Acta, 28 (1979) 377. (r) G.T.
Kurbatova, E.E. Kriss, Y.E. Alekseev and V.A. Tyumeneu, Zh. Neorg. Khim., 24 (1979)
1891. (s) K.I. Tuta, R.A. Stukan, LI. Bulgak, D.G. Batyr and L.D. Ozol, Koord. Khim., 4
(1978) 1391. (t) 1.B. Markov, Tezisy Dokl.-Konf. Molodykh Nauchn. Rab. Inst. Neorg.
Khim. Akad. Nauk Latv. SSSR 6th, (1977) 38 (Chem. Abstr., 90 (1979) 29687). (u) LA,
Kulikov, V.S, Koltunov, V.I. Marchenko, A.S. Milovanova and L.K. Nikishova, Zh. Fiz.
Khim., 53 (1979) 647. (v) N.M. Rivera, EM. Engler and R.R. Schumaker, J. Chem. Soc.,
Chem. Comm., (1979) 184. (w) G. Mori and Y. Takashima, Chem. Lett., (1979) 425. (x)
N.B. Behrens, D.M.L. Goodgame and Z. Warnke, Inorg. Chim. Acta, 31 (1978) 257. (y)
J.T. Wrobleski and G.J. Long, Inorg. Chim. Acta, 30 (1978) 221. (z) M. Plytzanopoulos,
G. Pneumatikakis, N. Hadjiliadis, D. Katakis and V. Papadopoulos, Chim. Chron., 8
(1979) 109. (aa) R.W. Hay and C.R. Clark, Transition Met. Chem., 4 (1979) 28. (bb) J.R.
Allan, N.D. Baird and A.L. Kassyk, J. Therm. Anal_, 16 (1979) 79. (cc) R.W. Hay, K.B.
Nolan and M.M. Shuaib, Transition Met. Chem., 4 (1979) 142. (dd) N.K. Sankhla,P.K.
Kanungo and R.K. Mehta, J. Indian Chem. Soc., 56 (1979) 99. (ee) C. Preti and G. Tosi,
d. Coord. Chem., 8 (1978) 15. (ff) B.P. Sudha, N.S. Dixit and C.C. Patel, Indian J. Chem.,
16A (1978) 856. (gg) M.C. Jain and P.C. Jain, Nat. Acad. Sci. Lett. (India), 1 (1978) 291.
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1.5 IRON (1)
1.5.1 Halides

Amorphous FeF; has been prepared [154], and a structural study of
Ko.s4(MnFe)F; shows that the Mn?* and Fe3* ions occupy three different
types of octahedral site [155]. Treatment of solid FeCl, with Br, at 200—
600°C gives Fe,;Br,Cls_, and FeBr,Cl;_, [156] whilst heating FeCl, in a
dioxygen stream yields FeCl; and FeOCl. At temperatures above 320°C,
FeOCl reacts further with O, to give «-Fe,O,; [157]. Structural studies on
[CIC(CNMe;),][Fe(dmf)s][FeCli]s [158], [NH.].[FeCls(H,0)] [159],
K,[FeCls(H,0)] [160] and Cs;[Fe,Cls] [161] have been reported.

A Raman study of FeCl, intercalated into graphite shows no evidence for
monomeric or dimeric FeCl;: the FeCl; appears to maintain its layer struc-
ture {162].

1.5.2 N-bonded ligands

The new dibenzotetraaza[14]annulene (N4) complex, [Fe(N;)(imidazole),]
has been prepared [163]. The complex [Fe(LH,)CL,1{BF,] {LH, = (17)} is

o
)

(17)

an effective catalyst for the decomposition of H,0, to H,O and O; in aque-
ous solution. The complex exists primarily as the aqua-hydroxo complex and
this slowly self-condenses, in the presence of air and ethanoate buffers, to a
p-oxo-dimer; the catalytically active species is the aqua-hydroxo-species,
[Fe(LH,)(OH)(H,0)]**. A kinetic study is consistent with H,O, decomposi-
tion by a free radical mechanism [164].

Covalent hydration has been established as an essential step in the disso-
ciation of [Fe(2,2' : 6',2"-terpy).]3* [165]. Fe(IlI) complexes of di- and tri-
(2-pyridyl)amine and (4- or 5-methyl-2-pyridyl)amine constitute three com-
plex types which can be seen as stages in the base hydrolysis of the metal
ion: the first type contain the anion, [Cl;FeOFeCl;}?"; the second type are
[LFeX;], which are only formed by the potentially terdentate ligands; the
third type, which is mostly restricted to the monopyridylamine ligands, is
more complex and contains two distinct high spin iron sites [166]. N-(2-
picolidine)-1-naphthylamine (L) forms the complexes, [FeLX;] - H,O (X =
Cl or ClO,) and [FeL,(SCN);] [109]. Reaction of pyrazolylphenyl (R)
Grignard reagent with FeCl, vields [FeR,] [167].
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Thirteen complexes of 2-hydroxymethylbenzimidazocle (HL') and
2-hydroxymethylbenzothiazole (HL") have been isolated. [Fe(HL);X3] (X =
Cl or Br) and [FeL.,X] (X = ClO,4 or NO;) are low spin octahedral complexes;
[Fe,L3(OH)X,] - H,O (X = Cl or Br) are antiferromagnetically coupled
(S = 3) dimers with five-coordinate iron; [ Fe(HL')Cl;] - MeOH and [Fe(HL')-
(OH)X;] - H,O (X = ClO, or NOj3;) are high spin complexes. [FeL"X,] (X =
Cl, Br or ClO,) have pseudo-tetrahedral symmetry and [FeL"”(NO;).] - 2H,0
contains a'pseudo-octahedral iron(II1) centre [100]. [ Fe(2,2'-biimidazole-
H);], [Fe(biim);], has been prepared [168], and the iron(III) complex of
dihydro-bis-(1-indazolyl)borate has been reported [169].

1.5.3 O-bonded ligands

X-ray scattering of concentrated aqueous solutions of Fe,;(SO,;); shows the
presence of [Fe(H,0)s]13*, [S04]? and [Fe(H,0)4_, (0S03),]1¢3727* [170].
[Fe(SO;F);] contains bidentate SO;F ligands [113]. Hydrolysis of Fe(NO;),
in solution proceeds via formation of polynuclear hydroxo- and oxo-bridged
complexes containing both octahedral and tetrahedral iron(III) [171]. Syn-
thetic procedures for the preparation of Na;Fe,(PO,4); [172], FeAsO, - 2H,0
[{173] and [Fe(O,SeR).1] (R = Me or Ph) [174] have appeared. The liquid
monomeric complex [Fe{Al(OCMe;H),};] has been prepared and contains
the bidentate ligand [ AI(OCMe,H),] [175]. [Fes(u-OMe)s(0,CMe),] has
been prepared from {Fe,(u;-O)(0,CMe)s(H,0)][ClO,4] and MeOH and con-
tains a chelating ethanoate group bonded to each iron atom and eight bridg-
ing methoxide groups [176]. The compounds, [Fe''Fel''O(0O,CMe)¢ - 1 L]

(L = py, 3-picoline, n = 4; L = 4-picoline, n = 3), [Fe}""O(O,CMe)¢L;]Cl, and
[Fel"O(0O,CMe)s(H,0);31X - nH,O(X=ClL,n=5;X=NO;,n=3;X=
0O,CMe, n = 1) have been prepared [177].

The complexes, K;[FeL;] - n H,O (H,L = pyrocatechol, salicylic acid or
tetrachloropyrocatechol), K;[FeQ,(H,0).]1H,O (H;Q = sulphosalicylic acid)
or K;Na,[FeT;] - 5 H,O (Na,H,T = tiron) have been prepared and react with
oxalate to give K;[FeZ,(ox)] -n H,O (H,;Z = H,L or H,Q), K;[Fe(HQ)(0x),] -
3 H,0, K;3[FeL(0x),] - 3 H,0, K3Na,[FeT,(0ox)] - 7 H,O or K;Na,[FeT(o0x),] -
5 H,O [178]. The squarate complex, [Fe(C404)(H,0)(OH)]., - 2 H,0 has been
isolated and reacts with pyridine bases to give [Fe(C;0,)(py).(OH)]. - 2H,0,
with dmso to give [Fe;0(C;04)3(dmso);(H,0);][OH] and with ethanolic
KOH to give [Fe(C,0,)(H,0).].0 [179]. Magnetic studies show Na,[Fe,-
(OH),(H,0).L,] (H,;L = citric acid) to be dimeric and not monomeric as pre-
viously proposed {180a].

[FeL;} (L = acac or 3-hydraxy-2-methylpyronate) have been prepared by
direct electrochemical means using an iron anode in a simple cell [180b]. The
chiral §-diketones (+)-3-hydroxymethylene-, (+)-3-acetyl- and (+)-3-propionyl-
camphor, form tris(dik)iron(III) complexes but only one diastereoisomer was
obtained [181].

Some amine-N-oxide complexes of iron(III) reported this year are listed in
Table 6.
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TABLE 6
Some amine-N-oxide complexes of iron(III)

Complexes Ref.

[FeLg][ClO4]3[FeL4(0ClO3); ][ClO4], [EeL3(OCIO3)(OH2)2][ClO4]2

(L = 3-methylisoquinoline-N-oxide) 120
FeL3(Cl0,4); - 5 H,O (L = quinoxaline-1,4-dioxide) 121, 182
[FeL3(OH32)2(0C103)]1[C104 12, [(03Cl0), (H,0), FeLFe(OH,), (0OCl103).]-

[ClO4)6-2x (x =1 or 2;y = 3 or 4; L = phenazine-5,10-dioxide) 122
Fe(III)-8-quinolinol-N-oxide complexes 183

The complexes, [(O;ClO)(H,0),LFe(u-L),FeL(H,0),(OClO;)]1[ClO.]4
{L = MePh(MeO)PO} {125] and [Fe{MeCO,(EtO),PO}3][ClO4}; [127] have
been prepared. FeCl; reacts with trimetaphosphinate (L) to yield [FeL2]3"
[128], with Ph3Asina 1 : 2 ratio to give [ Fe(OAsPh;),Cl,J[FeCls] and in a
1 : 1.5 ratio to give [ { FeCl;(OAsPh;)},(u-OAsPh;)] [184].

The semiquinone complexes [ Fe(phensq);] - phenq, [ Fe(1,2-Clssq);] and
[Fe(8,5-dbsq)s] (phensq = 9,10-phenanthrenesemiquinone, 1,2-Clssq =
3,4,5,6-tetrachloro-1,2-benzosemiquinone, 3,5-dbsq = 3,5-(di-t-butyl)-benzo-
semiquinone) have been prepared and a structural study on the first of these
shows it to consist of weakly interacting [ Fe(phensq);] molecules and mole-
cules of unreduced quinone [185]. [Fe;L3(H,0)4] (H,L = 2,5-dihydroxy-1,4-
benzoquirone) has also been prepared [118].

1.5.4 S- and P-bonded ligands

Structural studies on [Fe(S:CNR,);] (R = 2-hydroxyethyl) at 295 and
150 K show the main difference to be a decrease in Fe—S bond length from
2.390 to 2.331 & on cooling; this is accompanied by a decrease in g.¢ from
4.20 to 2.40 uy [186]. Variable temperature magnetic data have been
acquired by the NMR method for [Fe(S;CNR;);] (R = Pr, Bu or CH,Ph;

R, = PrPh) and the assumption of a simple Boltzmann distribution between
high and low spin states fits the observed behaviour [187].

EPR spectra obtained during the reaction of [Fe(PR3)(S2.C:R;).] (R = Ph,
R' = Bu, Ph or C,H,Cl; R = H, R’ = OPh) with bromine indicate formation of
at least three compounds; two geometrical isomers of [ Fe(PR3)(S:CzR;).]*
and trans-{ Fe(PR3)(S,C:R;),Br]. With iodine, only the cation is formed
[188]. [NBusl[Fe(1,2-C¢H,4S,),] reacts with N,H, - H,O to yield [NBu,],-
[(u-N,Ha){Fe(1,2-C¢HaS:),}.] [189].

Ag(l) ion oxidation of [(cp)Fe(dppe)X] (X = Cl, Br, I, H, SnMe,, CN or
SCN) yields the corresponding cation. Similar oxidation with [NO]* gives .
[cpFe(dppe)(NO)]1?* [190].
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TABLE 7
Some Schiff base and related ligand complexes of iron(III)

Complex Ref.
[FeLX], {LH, = 1,2-HOC¢H4CR=NNHCOPh (R = H, Me, Et or Pr) or
R'CH=NNHCOPh (R’ = 2-hydroxynaphthyl); X = Cl, Br or NO3} 194
[FeL] {LHj = 4,4'-bis-(3-formyl-4-hydroxyphenylazo)biphenyl} 195
[NH41[FeL(SO4)21 - 4 H,O (L = ethylmalondihydrazide) 196
[Fe{S,C(NH),Ph}3] 197
[FEL(HL)] (H;L = 4-HOC4H,CH=NC¢H3-3 OH-4 CO,H or

3-MeOC¢H4CH=NCHj3-3 OH-4 CO,H) 141
(FeL];[FeX,4], [FeL5Cl] - 2 H,O (HL' = 4-phenyl-thiosemicarbazone;

HL = methyl ether of HL'; X = Cl or Br) 198

1.5.5 Mixed donor ligands

The ligand, (18; LH;) forms the complex [ FeL(N-Meimidazole),][ClO,]
[191]. The structure of bis-(y-salicylideneiminopropyl)aminatochloroiron(III)
shows it to have octahedral {O;NCl} coordination [192]. The iron(III) com-

Q=0 <)
—N N= N CH,CH, —NI-Q
\—g e HO cl /3

S

Me (19)

(18)

plex of the potentially heptadentate ligand (19) has been prepared [193].
Other Schiff base and related complexes are summarised in Table 7 and other
studies involving iron(III) complexes are cited in Table 8.

1.6 IRON(IV)

Treatment of [Fe(S,CNR,);] (R = CMe,H or cych) with [ BF;] gives
[Fe(S;CNR,)3]1[BF,] [199]. Magnetic studies on [Fe{S,C,(CN),},-
{Szo=(:(CN)2}z]2_ and [Fe{SzCz(CN)z}z{SzC#:(COzEt)z}'zlz_ show them
to have room temperature moments corresponding to the spin-only value for
2 unpaired electrons, but below 20 K, these decrease dramatically [200].
Treatment of [FeR;] (R = pyrazolylphenyl) with ethanoic anhydride or
iodine gives { FeR3][0,CMe] and [FeR;]1, respectively; the iodide reacts
with LiX (X = Cl, Br or Cl0,) to yield [FeR11X {167].



21

TABLE 8
A selection of studies on some iron(IIl) complexes
Complex Comment Ref.
FeOQCl Preparation of intercalation com-
pounds with py or PrNH, a,b
[PPh4 J4[(NC)5Fe(NC)Fe(CN)s(NH3)] Preparation and X-ray structure c
trans-{Fe(cyclam)(NCS)X 1+ Reactivity d
K[Fe(PO4)F] X-ray structure revealing {FeOQ4F; }
coordination e
[Fe(ox), 1> (n=20r3) Photochemistry f
Fe(lll)-oxalate, squarate or dihydroxy-
benzoquinone complexes Magnetic studies g
Na;,SnsFe3H; (citrate)y - 38 H,O Preparation described h
[Fe(dmso)g 1** Electrochemical preparation i
[Fe(dmf)s J[{CIO4]3 X-ray structure § .
FeCl;-pinacol complexes Photochemistry k?
Fe(Ill)-triketonates Preparations desecribed 1
[Fe(RCONRO)3] (R = Me or Ph), )
[Fe{RCONHO);] (R = Me, Et or Ph) Preparations described m
Fe(111)-2,3-hydroxynaphthoic acid )
complexes Preparations described n-
[FeL,X3] (L = urea, thiourea, dimethyl-
thiourea, 2-(1 H)-tetrahydropyrimidone
or 2-imidazolidine; n = 2, 3 or 6; X = Cl
or Br) Preparations described o
[NH; ]3[{FeMogO,;3(OH)s] - 5 H,O Preparation described p
{FeLX,]" (L = 1,2-CgHa(AsMe;)z;
X=ClL Brorl) Photochemistry q
[FeCl1{8;CN(CMe;H).},]- CHCl, X-ray structure r
[Fe(Rdtc), X1 (Rdte = 4-morpholine
carbodithioic acid, X = Cl, Br or NCS) Preparations deseribed s
[Fe(S2C202)2X1> (X =Cl, Bror I) Magnetic study t
Fe(Ill)-aminopolycarboxylates Photochemical extrusion of CO, u
Fe(Il1)-2-benzoylpyridine complexes Preparations described v
[FeL3} (LH = indole-2-CO,H) Preparation described w
{FeL3} (HL = Schiff base from aceto-
acetanilide, aceto-aceta-p-toluidide or
benzoylacetone with RNH,) Preparations described x
[FeClj(diacetamide); ] ' H,0 Preparation described y
Fe(III}mondhydroxamate complexes Kinetics of formation z
[FeL3] 2 H,0 (L = aminoacid-dithio-
carbamate) Preparation deseribed aa
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TABLE 8 (continued)

Complex Comment Ref.
[Fe(5-AMP)(OH)] - H,0 Preparation described bb
[FeLCl] - H,O (L = 3-hydroxycarbo-

styril) Preparation described ce
[FeLs] - H,O (HL = 3,4,5-Me3-1-OH-

pyrazole-2-oxide) Preparation described dd
Fe(III)-D(+)-1,2-bis(4-phenyl-1,2 4-tri-

azoline-5-thione-3-yl-ethylene glycol) Preparation described ee
Fe(IlI)-2-amincobenzothiazole complexes Preparations described ff
Fe(Ill)}-monothio-B-diketonates Magnetic study ge
Na[Fe(BH;)31 Preparation described hh
HgFe, Cl, 41 Ly n(OH) 4y (L = NHj3,

n=05;L=en,n=1,2o0r4) Preparations described i
Fe(BIOCH)X; (X = 0OH or Cl) Preparations described ji

(a) J. Dousma, T.J. Van den Hoven and P.L. De Bruyn, J. Inorg. Nucl. Chem., 40 (1978)
1089. (b) S. Kikkawa, F. Kanamaru and M. Koizumi, Bull. Chem. Soc. dpn., 52 (1979)
963. () P. Roden, A, Ludi, G. Chapius, K.J. Schenk, D. Schwarzenbach and K.O. Hodg-
son, Inorg. Chim. Acta, 34 (1979) 113. (d) C.K. Poon and A.W.M. To, Inorg. Chem,, 18
(1979) 1277. (e) E.N. Matvienko, O.V. Yakubovich, M.A. Sinovov and N.V. Belov, Dokl
Akad, Nauk SSSR, 246 (1979) 875, (f) H. Sato and T. Tominaga, Bull. Chem. Soe. Jpn.,
52 (1979) 1402, (g) J.T. Wrobleski and D.B. Brown, Inorg. Chem., 18 (1979) 2738. (h)

B. Binder, J. Inorg. Nucl. Chem., 41 (1979) 257. (i) J.J. Habeeb, F.F. Said and D.G. Tuck,
Inorg. Nucl. Chem. Lett,, 15 (1979) 113. (i) E.M. Holt, N.W. Alcock, R.H. Summer and
R.O. Asplund, Cryst. Struct. Commun., 8 (1979) 255. (k) J. Sima and E. Horvath, Inorg.
Chim. Acta, 31 (1978) L460. (1) L.L. Borer and W. Vanderbout, Inorg. Chem., 18 (1979)
526. (m) D.A. Brown, D. McKeith and W.K. Glass, Inorg. Chim. Acta, 35 (1979) 5. (n)
A.N. Gurbanov, Azerb, Khim. Zh., (1978) 111 (Chem. Abstr., 90 (1979) 44540). (o) U.
Russo, S. Calogero, N. Burriesci and M. Petrera, J. Inorg, Nucl. Chem,, 41 (1979) 25. (p)
B.N. Ivanov-Emin and Q.8. Olguin, Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Technol,, 21
(1978) 1721 (Chem. Abstr., 90 (1979) 131995). (q) J.1. Zink, P.H. Lin and B. Anfield,
Inorg. Chem., 18 (1979) 1013. (r) S. Mitra, B.N. Figgis, C.L. Raston, B.W. Skelton and
A_H. White, J. Chem. Soc., Dalton Trans., (1979) 753, (s) S. Wajda, 1. Grzybowska and

K. Drabent, Pol. J. Chem., 52 (1978) 1877. (t) D. Niarchos, A. Kostikas, A. Sinopoulos,
D, Coucouvanis, D. Piitingsrud and R.E. Coffman, 4. Chem. Phys., 69 (1978) 4411. (u)
A.L. Poznyak and S.1. Arzhankov, Dokl. Akad. Nauk SSSR, 23 (1979) 353 (Chem. Abstr.,
91 (1979) 66180). (v) M. Plytzanopoulus, G. Pneumatikakis, N. Hadjiliadis, D. Katakis
and V. Papadopoulos, Chem. Chron., 8 (1979) 109. (w) A.K. Singh, D. Prakash and S K.
Srivastava, J. Indian Chem. Soc., 55 (1978) 861. (x) A, Sreckantan and C.C. Patel, Proc.
Indian Acad. Sci., 87A (1978) 455. (y) Y.Y. Kharitonov, G.V. Tsintsadze, A.Y. Tsivadze
and E.I. Tabidze, Koord. Khim., 4 (1978) 1609. (z) N. Kujundzic and M. Pribanic, J.
Inorg. Nucl. Chem., 40 (1978) 729. (aa) S. Wajda and K. Drabent, Pol. J. Chem., 53
(1979) 973. (bb) D.M.L. Goodgame and Z. Warnke, Pol. J. Chem., 52 (1978) 2075. (cc)
F.I.M. Taha, M.N. Moussa, A.M. Shallaby and M.M. £l Defraway, Egypt J. Chem., 19
{1976, Publ. 1978) 393. (dd) D.X. West and M.A. Venek, J. Inorg. Nucl. Chem., 40 (1978)
1027. (ee) V.4. Ram, L. Mishra and H.N. Pandey, Transition Met. Chem., 4 (1979) 237. (ff)
M.J.M. Campbell, R. Grzeskowiak and G.S. Juneija, J. Inorg. Nucl. Chem., 40 (1978)1247.
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K,[{FeO,] is easily prepared and is a selective oxidising agent for benzyl
&cohols [201} Reactlon of LiCl with Fe,0; at 450—750°C yields LiFeO,
and Li, cFe, 04 [202]; the latter is also obtained by heating together
[Fe;(HCOO)g(OH),1[{HCO,] - 4 H,0 and [HCOO]Li - H,0 [203]. Heating
BaCO; and Fe,0; at 1473 K in a Ba0-B,0; flux gives Ba,Fe,0,,, which has
iron in both tetrahedral and octahedral sites [ 204]. Heating iron with TiO,
in 10 M NaOH produces CaFe,0, [205]. Similar compounds, MFe, O, (M =
Co, Ni, Zn, Mg or Mn), have been prepared from K,[{MCl,] and NaFeO,
[206]. At 400°C, §-FeO(OH) and MoO; form Fe,[MoO4]; [207]. FeSb,04
has been prepared and has a structure similar to that of natural schafarzikite
[208] The synthesis of GaFeO3 {209} and Mﬁssbauer spectral studies of

= i I S

Dd..DdI‘ 84U8 [_AJ.U] and DE\JUbwq léllj nave d,lb() been repoueu 1ne stan-

dard heat of formation of FeO(OH) has been determined as —535 + 10.5 kJ

mal=l TO191
N L&1&).

Room temperature reaction of highly dispersed iron(Ill) hydroxide and
NaSH at pH 9 produces sodium thioferrite(IIT) [ 2131, The intense emerald
green solutlons formed by reactions of iron salts with alkali metal sulphides
at pH 11—13 contain colloidal MFeS. (M = Li, Na or K). Solid NaFeS, and
KFeS, have been isolated and have structures different from other MFeS,
compounds [214]. Ba;(FelY, Si,)Ss (x = 0.8) has been reported [215].
Cu,FeSn;S; has a disordered spinel structure with copper in tetrahedral sites
and the octahedral sites occupied by randomly distributed iron(II) and
tin(IV) ions [216]. M&ssbauer spectra of Fe,S (x = 0.996 or 0.93) have been
reported [217].

Two groups have reported syntheses of FeP,, containing low spin Fe(1I).
It has a structure very similar to that of other MP, (M = Cr or Mn) com-

PRI, [ szesd Y. Yoo . S__ ~redtints Adva) cIdas o107
pounas, witil 1IrorI in ocianearal siwes | 410].

Work in this area has undergone enormous growth in recent years, but the
coverage given here is aimed towards those studies that iluminate the role or
environment of the metal in natural systems, as well as work on model com-
pounds.

n
(1979) 1968745). (hh) V Makha ev, A ? Rnﬂcnv N. f‘ Mozgina and G N._ Boika, T7 Akad
Nauk SSSR Neorg. Mater., 14 (1978) 1726. (ii) M Brezeanu and M. Dmculescu Rev

Roum. Chim., 23 (1978) 699 (Chem. Abstr., 90 (1979) 161374). (jj) M. Brezeanu and M.
Dinculescu, Rev. Roum. Chim., 23 (1978) 1389 1533 (Chem. Abstr., 90 (1979) 114210;

91 (1979) 48657).
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A convenient synthesis of [ Fe(PPIXDME)] frcm haemin has been reported
[219]. MO calculations performed in a search for the cause of the displace-
ment of iron from the N, plane in Hb has led to the suggestion that five
coordinate Fe(II) in deoxy-Hb could undergo a pseudo-Jahn-Teller distor-
tion and that addition of O, would remove this. Thus, the iron atom would
move into the haem plane, pulling with it the fifth ligand, and thereby
triggering off the conformational changes [220]. The homologous cap-
porphyrin complex (20) has been prepared and forms a five-coordinate

(20)

adduct with 1-methylimidazole which, in turn, is capable of weakly binding
a second imidazole molecule. Both imidazole complexes reversibly bind O,
[221]. Similar basket-handle porphyrins have been isolated (21, 22, 23) and

(23)

the stability of their iron(1I) derivatives towards oxidation has been studied
[222]. Iron porphyrir complexes have been linked to polystyrene using
copolymers of styrene, 4-aminostyrene or divinylbenzene; in the solid state,
reversible O, binding is only observed for the most highly cross-linked poly-
mers [223]. The oxygen affinities of picket-fence porphyrins are similar to
that of Mb; in solution, the lower oxygen affinities of the picket-fence
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porphyrins arise as a consequence of sterically constrained axial bases and
thus models the T form of Hb [224]. The heats of binding of O, onto iso-
lated subunits of human Hb are different. Comparison with dimers and
tetramers shows that the same intrinsic enthalpy per haem site is obtained,
independent of the degree of aggregation [225]. It has been suggested that
the reaction of [O,]” with iron(II) porphyrins leads to high-spin iron(III)
with side-bonded O, [226].

Deprotonation of the axial ligand in [ Fe(PPIXDME)L] (L = H,0, imida-
zole, 2-methylimidazole, PhOH, MeOH or BuOH) causes a red shift in the
Soret band. The electronic spectrum of deprotonated [Fe(PPIXDME)-
(2-Meimid)] is very similar to that of peroxidase and quite unlike that of Hb,
suggesting that peroxidase might undergo deprotonation or strong hydrogen
bonding of the proximal imidazole during catalytic action [227]. [ Fe(oep)-
(CS)] and [Fe(oep)(CS)L] (L = py, pip, dmf or 1-Meimid) have been pre-
pared [228], and the structure of [ Fe(TPP)(CNBu),] - 2 PhMe has been
determined [229].

A structural study on high spin (S = 3) [Fe(TPP)(OH,);][ClO,] shows the
iron atom to be centred in the N, plane rather than having the out-of-plane
displacement of similar complexes. The large Fe(III) ion is accommodated by
radial expansion of the porphyrin core, the Fe—N distance of 2.045 A
corresponding to an increase in central hole size of ~0.055 43;, relative to low
spin derivatives; this system provides a model for aquomet-Hb [230].
[Fe(TPP)I] has the metal ion 0.53 A above the N, plane {r(Fe—N) = 2.054—
2.076 1&} [231]. The structure of low spin [Fe(TPP)py(N,)] has also been
determined [232].

Oxidation of [Fe(TPP)py(CO)] with iodine produces the radical cation
[Fe(TPP)py(CO)1* [233]. EPR data on frozen solutions of high spin
iron(II1)-oep complexes suggests the presence of dimers [234]. The kinetics
of cleavage of [ {(TPP)Fe},0] by imidazole to form [Fe(TPP)(imid).}*
indicate the dimer and imidazole form a complex in a pre-equilibrium step
[235]. Substituted phenoxides (L) react with [{Fe(PPIXDBE)},0] to form
[Fe(PPIXDBE)L], which displays spectral properties similar to those of the
Met form of the a-mutant chain of Hb-M-Boston [236].

The EXAFS technique has been applied to liver microsomat (L.M2) cyto-
chrome P-450 and Caldarcomyies fumago chloroperoxidase. These are
haemoproteins with similar spectroscopic properties which, respectively,
catalyse hydroxylation and halogenation of organic substances. The nature
and distances of the axial ligands are of importance in understanding their
catalytic roles. The EXAFS studies of the resting state iron(III) environments
shows chloroperoxidase to contain high spin, out-of-plane Fe(III) centres,
whereas eytochrome P-450 contains low spin, in-plane Fe(III). The data
indicate the presence of an axial sulphur ligand in both enzymes. The rele-
vant distances are r(Fe—N(por)) = 2.05, r(Fe—C,) = 3.09, and r(Fe—S) =
2.30 A in chloroperoxidase (very similar to those in Fe(III)~PPIXDME
complexes) and r(Fe—N(por)) = 2.00, r(Fe—C,) = 3.07, and r(Fe—S) = 2.19
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A in cytochrome P-450 [237 ]J. Studies on model compounds for cytochrome
P-450 supported the presence of a mercaptide as the fifth ligand. When an
alcohol or thiol is added to the sixth site of [Fe(PPIXDME)(4-NO,CsH,SH)]-
Cl, low spin complexes are obtained with optical EPR spectra very similar to
those of cytochrome P-450. The authors conclude that a hard ligand must
occupy the sixth site in the enzyme, and the significance of this to the mono-
oxygenase mechanism has been discussed [238]. The compound, (24) has

HS(CHZ),NHCO(CH,), N

S
vy
o
OC—(CH2),

(24)

been prepared and is suggested as a good model for cytochrome P-450 [239].
The oxyferryl intermediate of cytochrome P-450 has been stabilised at
—30°C [240]. The activity of u-oxo-iron porphyrin in catalysing the oxida-
tion of cyclohexene has been studied as a function of substituents on the
porphyrin rings. The results are consistent with a mechanism involving a
ferryl intermediate [241]. Reaction of iron(III) porphyrins with iodoso-
benzene gives coloured intermediates that also mimic cytochrome P-450,
again suggesting [ FeO] as the active intermediate [241a].

Based on a study of the reaction of [0,]” with tetrakis-4-(N-methyl)-
pyridylporphyriniron(IIl), a mechanism has been advanced for superoxide
dismutases. This complex was the most efficient studied; however,
[Fe(phen);]?*, [Fe(edta)]™, [Fe(edta)]?~, [Fe(dtpa)]?~ and [Fe(dtpa)}>~
(dtpa = diethylenetriaminepentaacetate) show some catalytic activity:
[Fe(CN)g]®™ undergoes a stoichiometric reaction, but [Fe(CN)q]*~ is inactive
[242]. Oxidation of some deuterated aromatics by H,O,-Fe(ClO,),; showed
large values of the NIH shift. A free radical mechanism for such reactions is
suggested [243]. The mechanism of iron(I1I) catalysed decomposition of
H,O, has been studied and discussed in terms of the haemoprotein catalysed
decomposition [244].

An EXAFS study of the active site of reduced and oxidised horse heart
cytochrome-c suggested no conformational change in the haem region on
reduction. Instead, a change in the amplitudes of some low frequency vibra-
tions was noted. Furthermore, there is no change upon raising the pH,
which results in the exchange of met-80-S for N coordination [245].
Sulphide, sulphoxide and suiphone ligands have been attached to tetra-
phenylporphyrins and their iron(II) binding abilities assessed in a search for
simple models for cytochrome-c [245a]. The uncommon d° intermediate
spin state has been found ‘- [Fe(TPP)Y] (Y = ClO,, BF,, PF, SbF¢ or
CF3S03) and an X-ray study of the perchlerate salt shows the anion to be
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unidentate with short Fe—O bond iength. The metal ion is displaced from the
N, plane by an intermediate amount (0.3 A) [246]. A low-temperature
trapping technique has been used to study the reaction of the bacterial ter-
minal oxidase, cytochrome-c with O, and the results are in accord with for-
mation of an Fe(II)—0O, link [247]. Stopped-flow circular dichroism spectro-
scopy has been applied to the reaction between cytochrome-¢ and iron proto-
porphyrins, an excellent model for the redox reaction of cytochrome-c with
oxidases and reductases: the results were interpreted in favour of a mechan-
ism in which either electron transport out of cytochrome-c is accompanied
by no significant change in conformation around the active site, or any
change is symmetric, so as not to induce any change in the Soret band [248].
The role of copper and iron in reactions of cytochrome-a; with O, has been
studied and a new model advanced for cytochrome oxidase reactions [249].
Large scale preparations of the subunits of cytochrome oxidase have been
reported [250]. Resonance Raman spectra of reduced eytochromes b and ¢
and cytochrome oxidase in whole mitochondria opens up the possibility of
using this technique for studying haem—haem interactions [251].

Fluorescence X-ray absorption spectra of rubredoxin and the model com-
pound [Fe(S,-0-xylyl),] have been abtained for both the oxidised and
reduced forms. The spectra of rubredoxin and the model are very similar and
both showed similar changes on reduction. The Fe—S bond lengths and strain
energies were determined and any strain energy in oxidised rubredoxin is
appreciabiy less than thermal energies, indicating that the redox potential is
not regulated by strain in the Fe—S bonds [252]. The structure of a rub-
redoxin at 1.2 A resolution has been reported; the Fe—S distances range from
2.24 to 2.33 A and the S—Fe—S angles from 104° to 114° [253]. An X-ray
study of the ferredoxin from Spirulina platensis revealed the chelating struc-
ture of the active centre. Of the six cysteinyl residues in the molecule, only
four are bonded to the active centre, two to each iron atom [254]. SCF-Xa-
SW m.o. calculations suggest that the antiferromagnetism of [ Fe,S,;(SH)31*~
is caused by superexchange, and that the weak direct Fe—Fe bonding is con-
centrated in Fe—Su, orbitals [255]. [Fe'''Fe!'S,(SR)4]?~ centres isolated
from spinach and parsley have been reduced by dithionite to the {Fa2"Fe'™'}
analogues and the kinetics of re-oxidation by a variety of Co(Ill) complexes
have been studied. Evidence was gained for a protein-complex association
and trends in the activation parameters indicate a dependence on the charge
of the oxidant [256].

[FesS4(SR)4]%" ions {R = (CH,),0H, CMe; or Ph} are synthesised con-
veniently and in good yields from reaction of FeCl; or FeCl, - 4 H,O, elemen-
tal sulphur and MSR (M = Na or Li) in methanol under an inert atmosphere
[257]. A structural study of [NEt;]3]FesS4(SCH,Ph),], an analogue for
reduced ferredoxin, Fd,.s, was undertaken to clarify the source of substantial
differences in magnetic behaviour and Mdssbauer spectra compared with the
isoelectronic ion [Fe;S4(SPh);}3~. In contrast to the {Fe,;S;} core of the
Fd,.  site analogue, [ Fe;S,(SPh),]3", which is distorted from cubic to elong-
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ated D,,; symmetry (eight short and four long Fe—S bonds), the core of the
thiobenzyl-containing anion contains six short and six long Fe—S bonds
giving an idealised C,, symmetry. This is the only analogue yet shown

to contain a non-tetragonal core stereochemistry. However, the uncon-
strained core structural changes accompanying [FesSs(SR)s]>™ ~ [FesSs-
(SR)4]? are compressed D,y - elongated D,y not compressed D, 4 —+ C,,
and the observed structure of the thiobenzyl anion is a result of the solid
state environment [258]. ‘

A combination of extrusion and NMR techniques has been used to show
that succinate hydrogenase contains two {Fe,S,} centres and one {Fe S,}
unit [259]. Two crystalline forms of an {Fe,S,}, protein have been obtained
from Azobacter vinelandii [ 260]. The ferredoxin purified from Clostridium
perfringens contains four iron atoms, four labile sulphur atoms and six
cysteinyl residues, and acts as an electron donor for both nitrate reductase
and hydrogenase [261]. Denatured Clostridium pasteurianum, when treated
with Na,S, FeCl, and FeCl; in 90% aqueous dmso, is converted to an {Fe,S;}
ferredoxin [262]. Compounds with ferredoxin cores, when irradiated with
UV light, are active in water to hydrogen conversion [263]. However,
[FesS4(SR)4]1?", bonded to an SiO, surface, exhibited no catalytic activity
for hydrogenation or oxidation [264].

Following EXAFS studies on the molybdenum centre in nitrogenase
indicating the probable presence of an {Fe;MoS,} core, further model com-
pounds have been reported. Thus, a good (60%) yield synthesis of [ NEt,;]s-
[FesMo0,S3(SEt)e] has been achieved; this anion undergoes total thiol
exchange with HOCH,CH,SH to form water soluble [NEt;] ;[ FesMo,Sg-
(SCH,CH,0H)s]. The structures of both molecules have been reported and
are closely similar, each containing two {Mo(FeSR);8,} cubes bridged via
the molybdenum atoms by three RS ions. Electrochemical studies on the
SEt complex shows the anior to undergo an irreversible one-electron oxida-
tion and two reversible one-electron reductions. It has not yet been estab-
lished whether these redox changes involve the whole dimeric assembly or
whether each cubane-like cluster is oxidised or reduced independent of the
other [265,266].

A Kkinetic study has been made of iron deposition into apoferritin [267].
There is a major difference between iron release by enterobactin and that of
hydroxamate based siderophores. Release by hydroxamates has been sug-
gested to occur by reduction of an iron(Il) complex, a process that does not
occur with iron(III) enterobactin. Electrochemistry of iron(IIl) enterobactin
showed a reduction potential well below the range of physiological reducing
agents and enterobactin hydrolysis is a necessary prerequisite to in vitro
release of iron [268]. The stability constant of iron(III) enterobactin has
been determined [269]. Rhodotorulic acid (H,RA) is a dihydroxamic acid
produced in high yields by yeast as an iron transport agent (siderophore).
With iron(III) ions, the predominant complex at neutral pH is Fe,(RA),,
which involves hydroxamate linKages. Below pH 3, this dissociates to [FeRAT*
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[270]. Aerobactin, a dihydroxamate derivative of citric acid, is a siderophore
produced from Aerobacter aerogenes. The iron complex, isolated as the tri-
sodium salt, is a high-spin octahedral anion chelating to two bidentate
hydroxamate groups, the central carboxylate group and a hydroxy! group of
the citrate [271]. The iron(I1l) sequestering agents, (25) and (26), patterned

(CHZ),, CONHCH; CHNHCO
co —-—r;: N —CO
(CH2)3 (CH2)3 o CHa

OH Hi

OH i
NH~—CO
(25) O
HO
HO

(26)
on enterobactin, have been prepared. (26) removes Fe(III) from human trans-
ferrin, as well as enterobactin [272]. The amino acid sequence of haemery-
thrin from Phascolopsis gouldii has been re-investigated, and glutamic acid
unambiguously confirmed and suggested as the ligating site [273]. The
bleomycin-iron(Il) system reacts with O, to produce OH’ radicals which, in
turn, react with phenol and tocopherol {o produce the corresponding radicals
[274].

TABLE 9
Iron(II) and iron(I1l) complexes for which stability constant data have been reported

Complex or ligand Ref.

Iron(Il)
[Fe(bipy)31X: (X = Cl, Br, I or Cl04) a

FeSO4-1-vinyl-2-hydroxymethylimidazole and 1-vinyl-2-hydroxymethylbenzimi-
dazole

2-hydroxy-1-naphthaldehyde

[Fe(thiourea), ], [Fe{(CN)¢ ]

Hydroxyproline hydroxamic acid
1-(5-chloro-2,3-dihydroxy-4-pyridylazo)-4-sulphonic acid
Sulphafurazole salicylaldimine

=20 < DL T N = R - B+ o

3-(N-2-furfuralideneimino)propionic acid
1-(2-quinolylazo)-2-acenaphthylenol or 1-(2-lepidylazo)-2-acenaphthylenol i
Violuric acid

Alizarin
{HSCH,CONHCH,):
Diphenylthiovioluric acid

L d Wﬁ-o

1,3,4-thiadiazolylo-5-thiomethanocarboxylic acid n
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TABLE S (continued)

Iron(IITI)

Azide ) c
[Fe(phen);31X3 (X = halide or Cl04) o}
[Fe(phen);(CN),;]}X (X = SCN, I, Br, Cl or Cl0Q,) q
FeCl3-1-vinyl-2-hydroxymethylimidazole and 1-vinyl-2-hydroxymethylbenz-

imidazole - r
Fe(OH)2* s
Fe(III)-SCN-X (X = NOj, Br, Cl, SO4, F, glycolate, succinate, tartrate, citrate,

PO, or Cl0,) t
Lactic or mandelic acids u
Glyeolic, lactic, malic or benzilic acids v
Salicylic acid w
Phenol -
Phosphorylserine y
Adamantylhydroxamic acid z
Salicylidene-2-aminopheno! aa
1-hydroxyphthalaz-4-one bb

Tiron

[r]
0
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1.9 STABILITY CONSTANTS

Complexes and ligands for which stability constants have been measured
are listed in Table 9.

1.10 REVIEWS
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published:
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Rybinskaya and L.V. Rybin, Usp. Khim_, 48 (1979) 393.

Thermochemistry of metal—carbon bonds. M.A.V. Ribeiro da Silva and AM.M.V_ Reis,
Rev. Port. Quim., 20 (1978) 47 (Chem. Abstr., 30 (1979) 211042).
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53.
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Oxygenases and dioxygenases. M. Nozaki, Top. Curr. Chem., 78 (1979) 145.
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