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9. MANGANESE
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The period of this review essentially coincides with the coverage of Vols.
90 and 91 of Chemical Abstracts. Thus, although a majority of the papers
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covered were published in 1979, many from 1978 are also included. The
review concentrates upon those aspects of the chemistry of manganese which
would be conventionally considered as coordination chemistry. Thus, no
attempt has been made to review work of an essentially organometallic nature.
Areas of high activity this year include manganese complexes with macro-
cyclic ligands, the physical and spectroscopic properties of salts of trihalo-
manganate(II) and tetrahalomanganate(II), and the preparation of surfaces
modified by the chemical attachment of manganese complexes. The study of
manganese carbonyl complexes is, as ever, popular.

9.1 HIGH OXIDATION STATES

The pseudo-potential method for calculating molecular orbital energies has
been applied with success to the [MnO,] ™ anion [1]. The solution chemistry
of both Na[MnO,] and Na;[MnQO,] has been studied [2], and an EPR study
of manganate(VI) doped in K,SO, has been undertaken [3]. The optical and
vibronic spectra of [MnO,]?~ doped in CsBr have also been reported [4].

9.2 MANGANESE(IV)

Improved methods of preparation, unit-cell dimensions and magnetic sus-
ceptibility data have been reported for the ternary oxide system AMnO; (A =
Gp.IIA cation). Magnetic data and unit-cell dimensions are also reported for
the quaternary oxides ATi;_ ,Mn,O; and AZr,__.Mn,O; [5]. The compounds
Ca,Mn303 and Cd,Mn3i0g have also been prepared and order antiferromag-
netically near 60 K and 10 K, respectively [6]. Optical spectra of Mn?" in
octahedral coordination in MgO, Y3Al;0,, and «-Al,0O; have been reported
[71.

[MesN]:[Mn(sorbH,);] {sorbHg = sorbitol (1)} was isolated from the reac-

tion of [Mn,(H,0),(sorbH,)41*" with O,, and represents the first example of
a high-spin tris(chelate) monomeric complex of Mn(IV). EPR and other spec-
troscopic data are consistent with the formulation and indicate axially-dis-
torted octahedral symmetry [8].

A complex of haematoporphyrin with manganese(IV) [(Hm)Mn(IV)] has
been shown to be a powerful oxidising agent, typically degrading PhCH,OR
(R = H, Me, CHMe, or CH,Ph), PhCH,NH,, PhCH,COCO,H and PhCH.,CH-
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(NH,)CO,H to PhCHO. In the presence of NaOCl, [(Hm)Mn(IV)] was shown
to exhibit pseudo-catalytic activity, the complex slowly being consumed [9].

AD initio molecular orbital calculations performed on a series of metal(IV)
hydrides, including that of manganese, have led to the prediction of bond-
dissociation energies and M—H bond lengths [10].

9.3 MANGANESE(II)
9.3.1 Halides

Ligand field spectra of [MnF¢]3™ octahedra in a variety of host lattices
reveal splittings due to Jahn—Teller distortion. Magnetic studies at low tem-
peratures show that both ferrodistortive order and antiferrodistortive order
may be observed, depending on the host lattice [11]. X-ray crystal structures
of Cs,MnFs - H,O [12] and Rb,MnF; - H,O {13] show chains of tetragonally
elongated {MnF4}3~ octahedra, linked by sharing trans-vertices. The crystal
structures of the complexes A[MnF4(OH,). ] (A = [NMe;], x =2; A=Rb,

x = 1) have been determined. The former complex contains tetragonally
elongated trans-[MnF4(OH,),]” octahedra linked by hydrogen bonds to form
layers, whereas the latter complex consists of alternating [MnF4]®™ and trans-
[MnF,(OH,),]” octahedra [14]. A[O,CMe] (A = Na, K or [NH4]) react with
[Mn(O,CMe);] in MeCO,H and MeCOCIl to give the complexes A,[MnCl;]
which were shown to be polymeric. Complexes [ BH,][MnCl;] (B = bipy or
phen) and A,[MnCl;] (A = pyH, quinH or Li) were also obtained and shown
to be monomeric, containing the square pyramidal [MnCl;]?~ entity [15].
The luminescence spectra of the antiferromagnet [ RNH3][MnCL] (R = CHj;
or C,H;) between 4.2 and 100 K have been compared with those of paramag-
netic [pyH][MnCl,] [16], and found to be anomalous.

9.3.2 Oxides

The effect of H;0" and Mn?* on the disproportionation of Mn,Oj; in acid
solution has been investigated [17].

For LaMnOj, the stoicheiometric phase exists only over a limited range of
oxygen partial pressure and has an orthorhombically distorted perovskite struc-
ture [18]. A similar thermogravimetric study of AMnO; (A = Sm, Dy, Y, Er
or Yb) indicates that the degree of non-stoicheiometry is dependent on the
radius of the rare-earth ion [19]. The X-ray crystal structure of Mn(OH)-

(SO.) - 2 H,O shows two types of Jahn—Teller distorted {MnOg}octahedra
linked by sharing vertices to form chains [20].

9.3.3 Complexes with oxygen donor ligends

The molecular structure of y-[Mn(acac);] has been determined. Tetra-
gonally distorted octahedral coordination is reported, with 7{Mn—O; short) =
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0.1935 nm and F{Mn—O; long) = 0.2111 nm [21]. The crystal structure of
polymeric [Mn(acac),(NCS)] indicates that quasi-planar [Mn(acac).]" groups
are linked by bridging NCS™ ligands, each manganese atom thus being coordi-
nated by four O, one S and one N atoms in a distorted octahedral configura-
tion [22]. Kinetic studies indicate that the electron transfer step of the
reduction of [Mn(acac),;] by Fe(lIl) in ethanenitrile is preceded by formation
of a bridged binuclear species, which was not isolated [23]. A similar inter-
mediate, [(acac),Mn{acac)Fe{dmf);]?*, is proposed for the electron transfer
from [Fe(dmf)s]?* to [Mn(acac);] in 1,2-propanediol-carbonate [24]. A
kinetic study of the reaction in ethanenitrile indicates that the first step is
the elimination of one molecule of dmf to form [Fe(dmf);]3* prior to dimer
formation [25].

Manganese(IIl) complexes are finding increasing use as synthetic reagents
in organic chemistry. Manganese(1II) sulphate has been shown to be a useful
oxidising agent for the production of quinones from their parent hydrocar-
bons [26], whilst a diphosphate complex of Mn{III) has been used to oxidise
N,N,N',N’-tetramethylbenzidine and Malachite green to give diphenoquinone-
4,4’ -bis(dimethylimine) [27]. Manganese(III) ethanoate in ethanoic acid
oxidises methylferrocene to give three products (2), (3) and (4), evidence
being presented for a mechanism involving the ferrocenylmethyl radical [28].

@“‘2@ Premgres @@
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In the oxidation of citric acid (to HCO-H and CO,) by Mn,(SO,)3, complexes
of the type [Mn {R,C(OH)CO,H} 1%} and [Mn {R,C(OH)CO,H} ]2} are believed
to be involved [29].

The negative ion mass spectrum of Mn(LL)3; (LLH, = 2,2,6,6-tetramethyl-
3,5-heptanedione) is reported [30], and its possible use for ultra-trace metal
analysis is indicated.

9.3.4 Porphyrin complexes and related species

Electrochemical measurements on a series of manganese(III) porphyrin
complexes show a good linear correlation with similar measurements upon
the free porphyrins and the analogous iron(IIl) complexes [31]. Chloroman-
ganese(III) tetracyanotetraphenylporphyrin has also been examined electro-
chemically, as part of a study to determine the effects of substituents on the
electroreduction of porphyrins and metalloporphyrins [32]. The equilibrium_
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(1) (Por = tetraphenylporphyrin sulphonate or haematoporphyrin) has also
[(Por)Mn(OH,)]* + H,0 = [(Por)Mn(OH)] + H;0" 1)

been studied and the results interpreted in terms of the ligand-field model
[33]. Reduction of [(Por)Mn(III)] {Por = tetrakis(2-N-methylpyridinyl)-
porphinato or tetrakis(4-N-methylpyridinyl)porphinato} by Sn(II) gives the
corresponding Mn(II) complex [34]. The unusually high stability of the tetra-
phenylporphyrin complex of manganese(IIl) in strongly deprotonating sol-
vents has also been discussed [35].

The crystal structure of the high-spin complex [Mn(C;.H,.N4)(NCS)] con-
taining the ligand (5) has been determined. The manganese is in a 5-coordi-

(5) (6)

nate, square-pyramidal environment (6), being slightly raised (0.036 nm) out
of the plane of the macrocycle [36].

2= =N

9.3.5 Schiff base complexes

Manganese(III) complexes {(7) and (8)} of pentadentate Schiff bases have
been studied by cyclic voltammetry. The reduction potentials were observed

D %\l/

\\ e \// "~ //
€Hy) (CH) CH CH
za\x/ 2’3 2)3\N/(' 2)3
H

(7) (8)

X = NH, NCH3, NC3H7 0oz O
Y =1, Br", NO; or NCS~
Z = H, 5‘N02, 3'N02, 5'CH3, 3‘CH30, 5-CH30 or 5Cl

to be lower for electron-withdrawing Z relative to electron donating Z, and
there was also found to be a dependence upon the nature of X. A correla-
tion between the electrochemical results and the reactivity of the complexes
with O, and NO was also presented [37].
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9.3.6 Complexes with nitrogen—oxygen donor ligands

Diethanolamine (deaH,) reacts with Mn(OH); to give the complex anion
[Mn(dea),] ~ {38]. An X-ray study of tris(pyridine-2-carboxylato)man-
ganese(III) monohydrate indicates that coordination at manganese is mer-
[MnN;0,] [32].

9.4 MANGANESE(II)
9.4.1 Halides

9.4.1.1 Fluorides

MnF, exhibits polymorphism at high pressures, the normal rutile struc-
ture being replaced by a denser distorted fluorite structure at pressures of
ca. 35 kbar and a temperature of 200°C [40]. The magnetic properties of
MnF, at 0 K have also been discussed [41]. Tke temperature dependence
of the fluorescence spectra of nominally pure MnF, and that doped with
Eu®" or Er® has been studied [42], and the angular dependence of the
photoemission energy distribution of MnF, single crystals reported [43].
The X-band EPR spectra of MnF, (and MnH,) trapped in argon matrices at
4 K have been recorded and interpreted [44]}.

MnF, is hydrolysed by moist argon at high temperatures, reacts only at
the surface with sulphur vapour, but does not react with NO or O, [45].

The exchange interaction of {Mn?'}* in KMnF; has been studied [46],
and an NMR investigation of CsMnF; has shown that two non-equivalent
magnetic sublattices, with mutually opposite magnetic moments, were
present at 77 K [47]. EPR studies upon K,MnF, provide evidence for spin
diffusion [48], and the magnetic structure of the double layer antiferro-
magnet K;Mn,F, has been investigated by neutron scattering [49]. Pb,-
[MnF,] has been shown by EPR measurements to be antiterromagnetic
with Ty = 30 K (the results were confirmed by !°F NMR) [50].

9.4.1.2 Chlorides

Magnetisation and antiferromagnetic resonance studies on a single crystal
of MnCl, - 2 H,O at liquid helium temperatures have been performed [51]}.

Single crystal X-ray structures of [NH,]}[MnCl;] at temperatures of 343,
295 and 128 K have been determined. The two high temperature determina-
tions were identical, but there was observed to be a crystallographic transi-
tion below 258 K [52]. Observations on the Mdssbauer spectra of 3'Fe
doped samples suggest that there may be two phase transitions in this
region [52]. Phase transitions.in the chain complexes [{CH;);N]1{MnCl;]
and [(CD;)sN1{MnCl;]} have been studied by Raman spectroscopy [53], as
has a phase transition in Rb{MnCl;] under a small mechanical stress [54].
The latter transition was shown to be ferroelastic.

Two independent determinations of the structure of [(Me,CH)NH,]-
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[MnCl;] - 2 H,O have been reported [55,56]. The crystal contains discrete
[Mn,Cls(H,0),]1%" (9) anions {r(Mn --- Mn) = 0.3828 nm}. Similarly, crystal
structures of the quasi-one-dimensional magnetic systems [pyH][MnCl;]
H,0 and [quinH][MnCl;} - H,O indicate extended chains of bi-bridged

- ) OH, OHy

\l/ \l/ \i/\l

/]\c‘/l\ /CL\ /[
9) (10)

[MnCl4(OH,)]>~ octahedra (10) [57], and the magnetic properties of the
quinolinium salt were discussed in terms of this structure.

The magnetic properties of alkali metal [MnCl;] ™ salts have been studied
[68—60]. Luminescence spectra [61] and the temperature dependence of
antiferromagnetic resonance [62] for the quasi-one-dimensional Cs[MnCl,] -
2 H,O system have also been examined. NMR measurements have been
used to determine the magnetic structure of the antiferromagnetically
ordered phase of [(CH3),NH,][MnCl;] [63].

The systems [N(CH;3),}1[MnCl;] (TMMC) and [N(CD;);1{MnCl;]. are the
archetypal examples of one-dimensional antiferromagnets. Natsume et al.
[64] have proposed a theoretical treatment of the EPR spectra of such
systems, and the calculated results for TMMC agreed well with experimehtal
measurements. Temperature dependent EPR measurements on TMMC have
identified two paramagnetic species, one with one-dimensional character
and another with three-dimensional character [65]. Neutron scattering has
been used to study magnetic interactions in TMMC [66,67].

Lutz et al. [68] present far IR, Raman and X-ray data to indicate 1 : 1
ordering on the octahedral sites in Li,[MnCl,;] and to demonstrate a revers-
ible phase change to a cubic defect structure at 460°C. IR studies of the
compounds [CH3;NH;].[MnCl;] and [CH3ND;],[MnCL,} indicate that, at
high pressures and at 25°C, they undergo discontinuous phase changes [69].
An X-ray study of the series of compounds [C,H;,+1NH3],[MnCl,] (7 =
1—10) shows the propyl compound to exhibit unique structural properties
[70]. The crystal structure of [Cs;HyNH;],[MnCl;] has been reported, and
compared with those of the ethyl and propyl homologues [71]. The vibra-
tional spectra of [enH,][MnCl,] and isostructural salts of other transition
metals have been discussed in relation to the known structure of the nickel
analogue [72].

A method has been developed for calculating the composition of the
vapour phase over molten salt systems [73] and the calculations checked
using the MnCl,—KCl system. The Raman spectra of tetrahedral [MnCl,]*”
ions in molten A,[MnCl;] (A = Li, Na, K, Rb or Cs) have been measured
[74], and X-ray studies upon the melts (A = Li or K) confirm the presence
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of tetrahedral [MnCl,]*" units [75].

The change in linear magnetic birefringence in Rb,[MnCl;] with a pulsed
magnetic field has been studied [76]. EPR studies upon [enH,;][MnCL]
provide evidence for spin diffusion {48]. The magnetic and optical proper-
ties of [ND3(CH,).ND;][MnCl,] [77] show it to be a good example of an
isotropic two-dimensional antiferromagnet. The results of a high-field mag-
netisation study of [(CH;):NH];[Mn.X,] (X = Cl or Br) at 4.2 K are con-
sistent with the existence of two independent antiferromagnetic Mn*" chain
systems [78].

9.4.1.3 Bromides

Rb,[MnBr,] is reported to contain {MnBr¢}*~ octahedra sharing equa-
torial vertices to form layers, with the Rb" ions lying in the same planes as
the axial Br~ ions [79]. The complex [(CH:),NH,];[MnBrs] has been pre-
pared by reacting [(CH3z),NH,]Br and MnBr, in the correct molar ratio,
and the temperature dependence of the luminescence spectra reported [80].

9. 4.1.4 Iodides

The coordination symm-~try of Mn?' in the linear chain compound
CsMnl; has been deduced from the **°] Mossbauer spectrum. Magnetic tran-
sitions are observed and antiferromagnetic alignment of spinc along the
chain axis is suggested {81].

8.4.2 Oxides

An X-ray determination of the electron density distribution in MnO gave
a nett charge of +1.4 for the manganese atom [82]. The EPR spectrum of
MnO has been measured [83] and the effects of non-stoicheiomeiry dis-
cussed. The crystal structure of the hitherto unknown compound BaMn,O,
has been determined, and represents a new structure type for the com-
pounds AB,O; [841.

The crystal structures of a number of oxide pnictides A,Mn;B,0, (A =
Sr, Ba; B = As, Sb or Bi) have been determined. The manganese and B
atoms form tetragonal pyramids, connected by common edges to form two-
dimensional sheets. These sheets are separated by double ilayers of A atoms,
in which Mn and O atoms form square planar {MnQO,} units [85].

9.4.3 Sulphates, nitrates, phosphates and perchlorates

Exchange interactions in the compounds «-MnSQO, and §-MnSe(, have
been studied by neutron scattering, and it has been shown that interactions
between fourth neighbours are important [86].

Liquid—liquid distribution studies of the Mn*'/NOj interactions for the
formation of mononitrato-complexes indicate that only outer-sphere inter-
action occurs [87].
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A convenient preparation of Mn,P,0, {a useful calibrant for magnetic
susceptibility measurements} by the reaction of Na,P,0; with an MnCl,/KC1
eutectic (MnCl,; - 2.03 KCl) has been reported [88]. Stability constants for
complexes of Mn(Il) with {HP,0,]3" or [P,0,]*" have been reported [89].

The complex [MnL(OClO;}1{ClO,] (L = 3-methylisoquinoline N-oxide)
has been isolated [90].

9.4.4 Carboxylates

The thermal decomposition of Mn(0O,CH), - 2 H,0 has been studied [91]
with subsequent calculation of the thermodynamic properties, and its elec-
tronic spectrum has been recorded and interpreted in terms of Mn?* in a cubic
crystalline field [92]. The magnetic structure of Mn(Q,CCHj3;), - 4 H,O has
been studied by measurement of temperature-dependent optical spectra [93]
and studies of this compound in a very high external magnetic field gives the
first clear example of a full magnetisation process in a Heisenberg magnet
[94]. Thermodynamic properties and solution equilibria of Mn(O,CCF5;),
have been reported [95] and the strengths of the Mn—O bonds in Mn(C,0,) -
2 H,0 have been measured [96]. An IR study of manganese(II) iodoethanoate
has been reported [97].

The X-ray crystal structure of bis(4-aminobenzoate)tetraaquamanganese-
(II) shows the Mn atom to be at the centre of a distorted octahedron of O
atoms (4 H,O and 2 benzoate) [98]. The stability of the benzoate complexes
with Mn(II) in aqueous NaClO, has also been investigated [99], and com-
plexes with citric acid have also been reported [100]. The complex Mn-
(bdm), - 4 H,O (bdmH, = borodimalic acid (11)) has been prepared and char-
acterised [101].

0=C—0 Q——C=0
N -
B8
H—~C —0/ \0———(‘:—H
|
CH2 COOH CH2COOH
(11)

The complex H,[Mn(cydta)(H,0),] - H,0 (cydtaH, = trans-1,2-diamino-
cyclohexane-N,N,N’, N'-tetraacetic acid) has been prepared [102].

The preparations of the ligand ethylenediaminetetraacetamide (edtam) and
a number of its complexes including Mn(edtam)Cl, 0.5 H,O have been
reported; IR evidence shows the ligand to be hexadentate [103].

Mn(Q,CCH,CN), has been prepared and shown to be octahedral and
polymeric, with the metal atom coordinated by carboxylate and N-bonded
cyanide groups. This compound reacts with pyridine or 2,2'-bipyridine to
form [Mn(O,CCH,CN),(py).] or [Mn(O,CCH,CN),(bipy).], respectively; the
former contains bidentate, and the latter monodentate, carboxylate groups
with neither compound involving coordination of the cyanide nitrogen atoms
[104].
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Metallic manganese dissolves in a mixture of dimethylsulphoxide (dmso)
and SO, to form a yellow complex [Mn(dmso)¢] [S.0-1], in which dmso is
coordinated via oxygen [105]. 3'P NMR spectra of MnBr,(OPPh;), have been
reported {106].

Complexes of the types MnA', MnA, and MnA; (HA = 3-hydroxy-2-methyl-
4-pyrone, 3-hydroxy-6-hydroxymethyl-4-pyrone) have been prepared and
their thermodynamic stabilities determined [107].

A series of twenty-four air-sensitive alkoxides Mn(OR), have been prepared
by alcoholysis of Mn {N(SiMej3),}, - thf, and spectroscopically characterised
[108]. Complexes of manganese(II), (III) and (IV) with sorbitol (1) have
been prepared and their electronic and redox properties investigated [109].
Their reactions with molecular oxygen and hydrogen peroxide are reported.
Molecular oxygen oxidises the Mn(II) and Mn(III) complexes to the Mn(III)
and Mn(IV) complexes, respectively, itself being reduced to the peroxide
anion [109]. Cornwell and Harrison report that a biproduct of their previously
reported synthesis of [(n°-MeC;H,Mn(CO), {Sn(bppd)}1 {bppd = bis(1,3-
diphenyl-1,3-propanedione)} is the claret-red, air-sensitive complex [Mn-
(bppd),(thf),]. An X-ray crystal structure determination reveals that the
coordination sphere is a near perfect octahedron, with the bppd ligands
being bidentate and the thf ligands trans- and coplanar [110].

Complexes of manganese(Il) with N,N-dimethyl- and N,N-diethylurea
[111], methyl-, ethyl- and phenylsalicylates [112], neutral phosphonate
alkyl esters [113], picolinic acid N-oxide [114], 2-hydroxy-4-methoxy-
acetophenoneoxime [115], 8-quinolinol N-oxide [116], 1,4-dihydroxy-
anthraquinone (quinizarin) [117] and benzoxazole-2-thione [118] have also
been reported, as have th.e complexes Mn[ AI{(OCHMe, ;1. [119], [Mn(thf)]-
[SbCl,]. [120] and [Mn {MePh(MecO)PO}4,(OH,)][Cl0,4]. [121].

9.4.6 Phthalocyanine and porphyrin complexes

An X-ray determination of the phthalocyaninato-complex [Mn(pc)] shows
it to have the structure (12) [122]. Evidence has been presented to support

RegaZ
astag

(12)

the earlier proposition by Uchida et al. [123] that the intermediate in the
reaction of [Mn(pc)] with dioxygen in pyridine solution is [(O.)Mn(pc)]



177

[124]. The formation constant of a 1 : 1 charge-transfer complex between
manganese phthalocyanine and (13) has been determined by absorption and

luminescence spectroscopy [125].

(13)

The rate of oxidation of tetra(4-sulphonatophenyl)porphinatomanganese-
(IT) in aqueous solution by dioxygen has been reported. The products are the
Mn(III) porphyrin complex and hydrogen peroxide [126]. Tetra(4-t-butyl-
benzo)porphinatomanganese(II) has also been prepared and characterised
[127}.

The crystal structures of the 5-coordinate complex nitrosyl{tetratolyl-
porphinato)manganese(Il), and the 6-coordinate complex nitrosyl{4-methyl-
piperidine) (fetraphenylporphinato)manganese(Il) have been determined.
Both complexes contain an essentially linear Mn—N—O unit [128].

The complexes [Mn(TPP)(L)] (TPPH, = meso-tetraphenylporphyrin; L =
Py, 1-methylimidazole, Me, CHCH,NH,, 3,4-dimethylpyridine, 4-cyanopyri-
dine, N,N'-ethylenebis(benzoylacetiminato)cobalt(Il) or tributylphosphine)
react with dioxygen at —78°C to give the complex Mn(TPP)(0O,) [129]. EPR
studies of a series of dioxygen.adducts of manganese(II) porphyrins [Mn-
(Por) (0,)1 (Por = 4-substituted tetraphenylporphyrin or octaethylporphyrin)
indicate that, unlike the Co, Fe and Cr analogues which are octahedral, they
exhibit five coordination. NMR data support their formulation as Mn'V—0,%"
with a symmetric, edge-on oxygen molecule [130].

8.4.7 Complexes with nitrogen donor ligands

Complexes of manganese(Il) with the potentially five-coordinate Schiff
bases (14) have been shown to be six-coordinate, the sixth site being occupied

R
= x
H,c =N— (CHp), — S ~— (CHp)3 — N=C\H
(14)
x=23,or4, R=H; x=3,R=CH;
by solvent, halide or NCS™ ion [131]. The lack of reactivity with O, and NO

was also discussed.
Horvath et al. [132] report that carefully prepared anhydrous MnCl, reacts



178

with lithium hexamethyldisilylamide, Li[ N(SiMej;).] in thf to give [Mn {N-
(SiMej;),},(thf)] in good yield. With excess of L (L = thf, py or NCCMej)
the tetrahedral complexes [Mn {N(SiMes),}.L;] were obtained. Reacticn of
MnCl, with the stoicheiometric amount of Li[N(SiMej3),] in thf led to the
formation of [CIMn {N(SiMe;),}(thf)] which was used in situ for a variety of
syntheses, including that of the novel complex [Mn {N(SiMe;s),}(benzene),].
[CIMn {N(SiMe;).}(thf)] may also be prepared by the reaction of [MnCl,-
(thf),] with [Mn {N(SiMe:),},(thf),] [132].

Manganese complexes with picolinoyl hydrazide [133], N,N '-bis(2'-pyridine-
carboxamide)-1,2-benzene [134] or 1-propylimidazole [135] have been
reported, together with several salts of [Mn(NCMe)s]1>* {136,137].

9.4.8 Other complexes of manganese(II)

Complexes, Mn(TCNQ), - n H,O (n = 0, 1 or 2.5), of manganese(II) with
the radical anion 7,7,8,8-tetracyanoquinodimethane (TCNQ™) have been
reported, and it was found that the Mn—Mn exchange interaction changes
from antiferromagnetic to ferromagnetic at 20 K [138].

The crystal structure of dichlorobis(picoline hydrazide)manganese(1l) indi-
cates that the metal atom is octahedrally coordinated by 2Cl, 2 Nand 20
atoms, the Cl atoms being cis [139]. The thermal decompositions of com-
pléxes MnL, - 2 Q (HL = RCOCH,COR' where R = CF,, CF(CF;), or C;F,
and R’ = Me, CF; or CMej; Q = py or dmf) have been studied [140]. MnCl,
reacts with [NH4]CN in coordinating solvents (L), e.g. Me;SO, dmf or dma,
to give complexes Mn(CN),L [141]. The crystal structure of the two-dimen-
sional Heisenberg magnet [Mn(NCS),(C,H;OH),] is reported [142], it having
the layer structure (15). The magnetic properties of the complexes MnC;0;4 *

~ N l S/
~
Mnf
- s | N

~ HOC,H o ~
Cs IZ 5 N/C HOC,Hs C\s
~ P T
Mn\ .
NT ] s e oo
~C HOCHg C - 2t o
.S N | -
- ~ -
Mn
- ~
s | N
c HOC,H:
N7 25 \S.

(15)

2 H,0, MnC,0, - N,H, and MnC,0,; - 2 N,H, have also been studied and
interpreted [143].
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Numerous manganese(II) complexes of (16) have been isolated [144] and
their reactions with dioxygen investigated.

L. Q)
C=N N=—7C

z ~N yd z

(CHz)n
(16)

Polarographic studies of the complexes between Mn(II)/ethylene glycol,
ammonia [145] and Mn(II)/triethanolamine/hydroxylamine [146] in solution,
together with electronic spectra have been reported. Complexes with the fol-
lowing ligands have also been reported: 3,3'-benzidine dicarboxylic acid
[147], diacetylhydrazine [148], quinoxaline 1,4-dioxide [149], dihydro-bis-
(1-indazolyl)borate [150], 8-hydroxyquinoline [151,152], isopropoxy-
phenylsuccinimide [153], a butanedioic ester [154], sulphafurazole salicyl-
aldimine [155], orotic acid [156], chlorodimorpholinophosphine oxide [157],
2,4-dihydroxyvalerophencne oxime [158,159], 2-carbethoxypyridine [167],
3-(1-hydroxyphenyl)-5-phenyloxazole [161], N,N-diethylnicotinamide [162],
nicotinamide [163], 2-benzoylpyridine [164], cysteic acid [165], acryl-
amide [166], a-aminobutanoic acid [167], 3-(N-2-furfuralideneiminc)prop-
anoic acid [168], diphenylthiovioluric acid [169], ethylenediamine-N,N'-
diacetic acid [170], dimethylurea [171], 2,2-diphenylacetohydroxamic acid
[172], 2-hydroxy-5-methylbenzophenoneanil [173], 2-hydroxy-5-methyl-
acetophenoneanil [174], 1-(2-lepidylazo)-2-acenaphthylenol, 1-(2-quinolyl-
azo)-2-acenaphthylenol [175], sulphadimethoxine [176], succinyl diacetone
hydrazone [177], 1,4-di(4-methylanilino)anthraquinone, 1-amino-2-bromo:*
4(2-sulpho-4-methylanilino)anthraquinone [178], tolylbenzohydroxamic
acids [179,180], formylchromone acylhydrazones [181,182], oxalyl dihy-
drazine [183], acetophenone acylhydrazones [184], 1-vinylimidazole [185]
and nicotinic acid [186].

9.5 MANGANESE(I)

The crystal structure of he’xakis(ethylisocyanide)manganese(I) tri-iodide,
[Mn(CNC,H;)s1[1:] has been shown to exhibit approximately octahedral
coordination [187].

9.6 CARBONYL COMPLEXES
9.6.1 Carbonyls and hydridocarbonyls

‘The obvious fact that, for Mn—Mn bonds, there is no correlation between

bond-length and bond-order has been explicitly stated [188].

The Raman spectra of erystalline [Mn,(CO),,], [Rex(CO), 0], mixed Re/Mn
crystals and *3C doped samples have been reported [189]. An EPR study of
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the reaction between manganese metal (in thf) and [Mn,(CO),,] has indicated
that the solutions contain both Mn2?* and [Mn(CO)s]~ [190]. A[R;BH] {A =
Li or K; R = Et or Me,CHCH,} react with [Mn,(CO),,] to give near quantita-
tive yields of A[Mn(CO);], which may be used to prepare mixed-metal and
other complexes [191].

Three new in situ preparations of anhydrous [HMn(CO)s] have been
reported [192].

Li[Mn(CO)s] + CF3;SO;H - [HMn(CO);] + Li[CF;SO0s]
[(Ph;3P),N]1[Mn(CO)s] + CF3SO3;H » [HMn(CO)s] + [(Ph3P),N][CF;50s]
[(MesSi)Mn(CO);] + MeOH —~ [HMn(CO)s] + Me3SiOMe

H!3C(0)OC(0O)CHj reacts with Na[Mn(CO);] at 0°C to give [HMn(CO).-
(*3CO)] via a formyl intermediate [(CO)sMn-'>*CHO] [193].

The XPES spectra of [Mn,(CO),,] and [HMn(CO);] have been measured
[194]. Photolytic decomposition of [H;Mn3(CO),,] in 2,2,4-trimethylpen-
tane solution has been reported to lead to the formation of [Mn,;(CO),,] and
[HMn(CO)s] in approximately equal amounts. An insoluble brown precip-
itate is also formed, but this is not observed if the reaction is performed under
an atmosphere of carbon monoxide [195]. The photochemistry of [HMn-
(CO)s] in inert and CO matrices has been reported. In CO the principal prod-
uct shows a spectrum consistent with C,;, [Mn(CO);] and a new species with
v(CO) bands at 1989 and 1976 cm™! was also observed, along with HCO
[196].

9.6.2 Halides

Methods for preparing [Mn(CO)Cl] in 86% yield [197], [Mn(CO);Br] in
90% yield [198] and [Mn(CO)slI] in 80% [199] and 50% [200] yields have
been reported. An IR.and Raman spectroscopic study of [Mn(CO)sBr] has
been described [201], and the systems [Mn,.Re, . (CO}:X] (0<x< 1;X~=
Cl or Br) and [Mn(!2CO);., (13C0O),X] (0 < y < 5) have also been studied by
the same techniques [202]. The reactions between [Mn(CO);X] and {Et;N]-
X (X =Cl or Br) in boiling trichloromethane yield the binuclear complexes
[Et:N]{Mn,(CO)e(1-X);] [203].

Kinetic studies of the reactions of [Mn(CO):X] (X = Cl, Br or I) with
cyanide ion to give [Mn(CO)4(CN),1™ have indicated that for chloride, the
intermediate is [Mn(CO)s(CN)], whereas for bromide or iodide the interme-
diate is [Mn(CO)4(CN)X]™ (X = Br or I) [204].

9.6.3 Complexes with oxygen ligands

EPR studies of the photolytic reactions of [Mn,(CO);,] in the presence of
air or dioxygen at low temperatures have yielded EPR parameters for the
complexes [Mn(CO),L(0.)] (L = CO, PPh;, PBu; or P(OEt);). Isotropic
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coupling constants for the two atoms in the dioxygen moiety have been deter-
mined by !70 labelling [205].

[Mn(CO)Br] reacts with SnMe;(OR) (R = Me, Et, Pr, Me,CH, Bu, C¢H;;,
CH,CH=CH, or CH,Ph) to form complexes [ {Mn(OR)(CO);}s] and also
(when R = CH,Ph) [ {Mn(OCH,Ph)(CO);}4]. Reaction of [ {Mn(OEt)(CO)3};}
with Me,PhP leads to the formation of [Mni(OEt);(CO)s(PMe,Ph)] (17)

Et
(COR(PMagPR) 8]
w7\

\ \\\ /Mn(CO)3

Mn
(OC)3 0
Et

EtQ

a7)

which was shown by X-ray crystallography to contain an Mn; unit. Reaction
of [ {Mn(OEt)(CO),};] with phenol leads to the formation of [Mn3;(OEt),-
(OPh)(CO)s], whereas reaction with thiophenol gives the well known

tetrameric complex [ {Mn(SPh){(CO);s}s] [206].
The photolytic reactions between [Mn,{CO),,] and some 1,2-dicarbonyl
compounds gave octahedrally coordinated radical adducts (18), the EPR

Cco
\?"{: °~. - co
i Mn
A== o/ (‘:0 \CO
(18)
spectra of which were reported [207]. Pentane-2,4-dionato complexes of
manganese carbonyls and their derivatives have also been studied {208,209].
Some complexes of propanone and thf are discussed in Section 9.6.6.

9.6.4 Complexes with sulphur and selenium ligands

The preparation and molecular structure of u-1,2-dithiooxalato(S,S’)-bis-
(pentacarbonylmanganese(I)) (19) have been reported [2101], and a related

{OC)sMn ——S
5 \ . /70

C e
o \’S——Mn(CO)s
(19)
red manganese bis-chelate complex (20) of tetrathiosquarate (C;S,*7) has also

been prepared [211].
Na[Mn{CO);] reacts with RNCS (R = Me or Ph) to give the dithiocarba-

mato-complexes [Mn(CO),{S,CN(H)R}] and [Mn(CO);(CNR){S,CN(H)R}];
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(OC) Mn

/ N
(20)

addition of RNCS to the former also leads to formation of the latter. Treat-
ment of Na[Mn(CO);] with MeNCS followed by Mel, gives predominantly
[Mn,(CO)e {-SC(SMe)(NMe)},] (21), which has been crystallographically
characterised {r(MnMn) = 0.323 nm} [212].

SlMe
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(21)

Treatment of [ N(PPh;),1{Mn(CO);sl with CS,.in thf leads to the formation
of [N(PPh3),]1{Mn(C0)4(S.CS)], methylation of which with Mel, SFO,(OMe)
or GeBrMej, gives [ Mn(CO)4(S,CSMe)], whereas phenylation with [PhN,]-
[BF4] gives only low yields of [Mn(CO),(S,CSPh)]. Treatment of Na[Mn-
(CO)s] with CS,, followed by Mel, gives only low yields of trithiocarbonato-
complexes, together with very small amounts of the dimeric species [(OC),-
Mn(u-S,CS)Mn(CO)s1. On addition of free sulphur to [N(PPh;),]{Mn(CO);s1,
an immediate colour change from yellow to red occurs, due to formation of
[N(PPh3),]1[MnS,(CO);] (n = 1—8). With CS,, this generates the species
[N(PPh;),] [Mn(CO).(S.CS)], whilst Mel gives [N(PPh3),]1{MnI,(CO),} [213].

The chemical oxidation of [(Me;P),(CO);Mn(SX}], [(MesP),{(CO)}:Mn,-
(8X),] (22) and [(CO)sMn,(8X).1 (23) (X = H or SnMe;) has been studied

s - M\n(CO)/.
S N\
% \ I >s ~ s\
(Me3P)(CO)oMn / Mn(CO)y(PMe3) (OC)3MN o~ Mn(COj3
C S
il |
O Mn(CO)5
(24) (25)

f214]. No identifiable products were obtained when X = H, but when X =
SnMej;, oxidation of (22) gave (24) and oxidation of (23) gave (25), whose
structure was confirmed crystallographically.

The selenium bridged dimers [(CO),Mn(SeX)]. (X = H or SnMe;) have
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been reacted with Me3P to give the dimers [(Me;P) (CO);Mn(SeX)], and/or
the monomers [(Me;P),(CO);Mn(SeX)] [215].

9.6.5 Complexes with nitrogen ligands

The tricarbonylmanganese complex of the tridentate tris-chelating ligand
methyltris(3,5-dimethylpyrazol-1-yl)gallate, [MeGa(N,CsH,)3;] ", has been
prepared and characterised and the ligand shown to coordinate via the free .
pyrazolyl nitrogen atoms [216]. The tricarbonylmanganese complexes of the
tridentate tris-chelating ligand [ Me,Ga(OCH,CH,NH,)(N,C5H;)] ™ (and its
methyl substituted derivatives) have been prepared and characterised [217].

The weak acid HNSOF, also coordinates through nitrogen in the complex
[Mn(CO)s(HNSOF,)] [218]. [Mn(CO)sBr] reacts with PhN=NSiMe; to give
bis(u-phenyldiazenido)octacarbonyldimanganese (26), which reacts with tri-

{OC)uMn

(26)

phenylphosphine to give two mononuclear five-coordinate complexes [Mn-
(CO)3(N;Ph) (PPh3)] and [Mn(CO),(N,Ph)(PPh;),] [219]. [Mn(CO)s{M'-
(CO)3;(RN=CHCH=NR)}] (M' = Mn or Re; R = Me,CH, 4-Me-CcH, or 4-MeD-
CeHy) [220] and fac-[Mn(CO):X(RN=CHCH=NR)] (X =CL, Bror; R =
CMe;, Me,CH, Ph, 4-Me-C4H,;, 4-MeO-C4H, or 4-Cl-CsH,) have been reported;
[Mn(CO);Cl(Me;CN=CHCH=NCMej,)] reacts with Ag[BF,;] under CO to
yield [Mn(CO)4(Me;CN=CHCH=NCMe;)][BF,] [221].

EPR measurements have been used to establish that, when a solution of
{Mn,(CO), 0] in thf is irradiated in the presence of 4-methylpyridine, a para-
magnetic species is produced. A similar but more stable species is produced on
irradiating in the presence of polyvinylpyridine. The species involved are
believed to be [Mn(CO),L] -(L = 4-methylpyridine or polyvinylpyridine)
[222].

9.6.6 Complexes with phosphorus and arsenic ligands

Treatment of [Mn(CO)sBr] with Ag[Cl0O,] in CH,Cl,, followed by addition
of ligand L, leads to the formation of the complexes [Mn(CO);L}{ClO,] (L. =
PEt,, PBu,, PEtPh,, PMePh,, PEL,Ph, PPh,, AsPh,, SbPh,, PPh,(OEt), P(OMe),,
P(OEt);, 0-C¢H4(NH,),, 4-methylpyridine, Me,CO or thf). Solutions of [Mn-
(CO);sL1[C10O,4] (L = Me,CO or thf) in their respective solvent L are trans-
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formed to the complexes fac-[Mn(CO);L;}[Cl0,]. fac-{Mn(CO):(Me,CO)s]-
[C10,] reacts with L' (L' = PEt;, PBu;, PEt,Ph, PMePh,, PEtPh,, PPh,(OEt)
or 4-methylpyridine) to give fac-[Mn(CO);L5][ClO,] and these complexes
are readily isomerised to the mer- forms. With L' (L' = PPh(OEt),, PPh(OMe).,
or P(OMe)s), cis-[Mn(CO),L;][{ClO,] are formed, which may be isomerised to
their trans farms [223]. Cationic aquatetracarbonylmanganese(I) complexes
cis-[Mn(CO),(OH,)(L)}[BF,4] {L = PPh;, PEt;, PMe,Ph, PMePh, or PPh-
(OMe),} have been reported, and the PPh; derivative has been used to prepare
[Mn(CO),L'(PPh3)]" (L' = py, CNCMe;, CH,=CHCN, SMe,, H,S, PPh; or CO)
salts [224].

[Mn,(CO), o] reacts with 2,4-dichloro-1,3-di-t-butyldiazaphosphetidine
(27) to give a complex which has been tentatively formulated as [Mn(CO)-
{C1,P,N,(CMe;),}:] on the basis of 'H NMR and IR evidence [225].
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The o-bonded phosphole, arsole and stibole complexes [(Ph,C;E)Mn(CO);]
(28) (E = P, As or Sb) have been pr=pared by reaction of Ph,C,ECl with Na-
[Mn(CO);]. Controlled decomposition of (28) (E = P or As) led to the forma-
tion of the bridged dimers [ {Mn(CO)4(u-EC,Ph4)}.]1 (29), from which one or
two carbonyl groups may be replaced by other w-acceptor ligands such as
PPh; [226]. On heating (28) (E = P or As) they lose carbon monozxide to give
the complexes [Mn(CO)i(n°-EC4Ph,)] (80), which may also be formed by
loss of CO from the dimers (29), by the action of Ph,C,;E-EC,Ph, (E =P or
As) upon [Mn,(CO),,], or by the action of Ph,C,AsSiMe; upon {Mn(CO)Cl].
One carbonyl group miay be displaced from (30) (E = As) by reactior with
w-acceptor ligands such as PPh;, PhC=CPh or NO* [227].

[MnBr(CO),{P(OH)R,}] (R = CH; or C¢H;) reacts with sodium amalgam in
ether to form the binuclear salt Na,[(OC),Mn {P(O)R,}],, which, with excess
sodium, gives the mononuclear salt Na,[Mn(CO),;{P(O)R,}]; these react with
dimethyl sulphate to give [CH;Mn(CO),{P(OCH;)R.}]1 [228]. Treatment of
[HMn(CO);] with P(CF3),(OCH,CH,Cl), (L), gives [HMn(CO),L] which
reacts with CCl, to give a mixtufe of [MnCl(CO),L] and [Mn,Cl,(CO)g].
Treatment of [MnX(CO),L] (X = H or Cl) with NMe, (X =H) or Na/Hg (X =
Cl) gives [Mn(CO)4(n-C.H,) {P(CF;),0}] by a novel rearrangement reaction
[229]. [Mn(CO);3{(R,PCH;);CCH3}][ClO4] (31a) (R = CsH) reacts with
NaBH, on UV irradiation to give [HMn(CO), {(R,PCH,)sCCH;}]. However,
the tetraphenylborate salt (31b) gives only decomposition products. Reaction
of (31a) or (31b) with NaOH in propanone/water gives [HMn(CO); {(R,PCH,),-
C(CH3)CH,PR,} ] where the ligand is now only bidentate [230]. The reaction
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of [Mn,(CO),,] with 2,3-bis(diphenylphosphine)maleic anhydride (PP) leads
to formation of the paramagnetic complex [(PP)Mn(CO),], and EPR studies
indicate that the unpaired electron is localised on the phosphine ligand [231].

9.6.7 Organometallic complexes

The mechanism of the “carbonyl insertion reaction” in [CH;Mn(CO);] has
been discussed on the basis of a molecular orbital study; a five-coordinate
intermediate has been postulated [232]. Reaction of [Mn(CO)sBr] with
Ph,P(CH,);MgCl in thf leads to formation of the five-membered metallocycle
(32), the structure of which is confirmed by X-ray crystallography. The six-

Ph Ph
N
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©C) Mn/ \cu
{3 \ 2

CHy — CHj
(32)

membered homologue has been prepared by an analogous reaction [233]. It
is reported that CICH,COCI reacts with Na[Mn{(CO);] to produce [{(CO)s-
MnCOCH,C1], thermal decomposition of which gives [Mn(CO)Cl] and
[Mn(CO),Cl1],. However, photochemical decomposition gives only [ Mn-
(CO);sCl1] [234]. A new route to the carbene (33) has been developed and

(33)

involves treatment of [MnBr(CO);s] with MeLi at —78°C to give cis-[Mn{CO).,-
Br {C(O)Me}]~, which is then protonated [235].

Reaction of [Mn(CO);.,(CNCsHj),,Br] (n = 2, 3 or 4) with CO or CNCgH;s
and the presence of a halide acceptor is reported to yield the compounds
[Mn(CO)¢-(CNC¢Hs),,. 1{PFs] (m = 2—6). Replacement of Br~ by CO or
CNC4Hs is stereospecific, allowing synthesis of fac- and mer-isomers (n = 3)
and cis- and trans-isomers (n = 4) [236].

9.6.8 Germyl and stanny! complexes

Methods for the preparation of the germanium—manganese cluster com-
sounds [Mn,(CO)g{u-GeXMn(CO);}.] (X = Br or I) have been reported [237]
ind the structures of [Mn,(CO)g{u-E(C1)Mn(CO);}.] (E = Ge or Sn) (34)
have been shown to contain a planar Mn,E, rhombus with Mn—Mn bond dis-
tances of 0.2923 or 0.3091 nm, respectively [238,239]. The reaction cf
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Me;SnBr with [Mn(CO)3(PPh;3),] " is unusual in that methyl (rather than
bromide) elimination occurs yielding the complex [ {BrMe,Sn}Mn(CO);-
(PPhs),1, which has been studied crystallographically [240]. The molecular
structure of [BrSn{Mn(CO);},] has also been determined and possesses a dis-
torted tetrahedral configuration with three different Mn—Sn bond distances
[239]. The thermal decomposition of {Ph;SnMn(CO);] has been studied
[241].

[(PPh3),N]1{Mn(CO);] has been proposed as a convenient starting material
for the synthesis of alkyl, germyl and stannyl derivatives of [Mn(CO)s]*
[242] and indeed [Mn(CO);] ~ is reported to replace [Co(CO),]~ from [Co-
(CO)4(Ge H;)] to give [Mn(CO)s(Ge Hs)] [243].

9.6.9 Complexes with group IIiB ligands

A convenient high yield preparation of the complex [(CO),Mn(B3:Hg)], has
been reported [244]. The crystal structure of [Fe,(CO)g]{InMn(CO);], has
also been reported [245].
9.6.10 Mixed-metal carbonyls

The reactions of [MnRe(CO),,] with As,{CF3); and of [MnCo(CO),] with

E,(CFs), (E=Por As,n=4; E=S or Se, n = 2), (CF3),E'I (E =P or As),
(CF3),AsH, (CF3),AsE"CF; (E'' = S or Se), (CF3),PSeCF3, Me, AsI or (CFs),-

(OC),,Re/ \Re(CO),,

H3C\;/CH3

!&n(CO)z

(38)
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PPMe, are reported to yield, in addition to the known mono- and binuclear
species, the heteronuclear complexes [MnRe(CO)g{As(CF3),}:] or [MnCo-

(CO),{E(CF3),}.], respectively {246]. [MnTc(CO),,] has been prepared by
reaction of [Tc(CO)Br] with [Mn{CO);]™ [247].

The reaction of Na[(n*-CsH)Mn(CO),P(CH,;),S] with [Re(CO)sCl] gives
the complex (35) [248]. The reaction of Na[Mn(CO);] with (C,H;),AICl - thf,
in thf with excess of Na/Hg, is reported to give [ {{CO)sMn},Hg] - thf [249],
which irreversibly loses thf at room temperature.

Reaction of cis-[Pt{C¢H,;; NC),Cl,] or trans-[Pt(Me;CNC),Cl,] with Na[Mn-
(CO);] in thf led to the formation of the complexes [(CO)Mn-PtL,-Mn(CO),]
(L = CsH,; NC or Me,;CNC) [250].

9.7 NITROSYL COMPLEXES

The crystal structures of the monoclinic [251] and triclinic [252] forms
of chlorodinitrosylbis(dimethylphenylphosphonite)manganese and also of
dinitrosyltris(dimethylphenylphosphonite)manganese tetrafluoroborate have
been reported. Each structure is based on trigonal bipyramidal coordination,
with two axial phosphonite ligands [253]. The preparation, properties and
thermal decomposition of the complex [Ph;PH]H,[Mn{CN);NO] - H,O are
reported [254].

9.8 MIXED OXIDATION STATE COMPLEXES

EPR and magnetic susceptibility studies on the di-y-oxo-bridged complexes
[(LL);MnO,Mn(LL),]?" (LL = 2,2'-bipyridine or 1,10-phenanthroline) show
that, at room temperature, the complexes possess non-equivalent manganese
ions that are strongly antiferromagnetically coupled [255].
9.9 HETERONUCLEAR COMPLEXES

The Schiff base (36; Hsaapen) has been used to prepare the heterobinuclear
complexes, [MnM'(aapen)}] (M’ = Ni or Cu) (87). The manganese ion is coor-
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dinated by four O atoms and the M’ ion by two O and two N atoms [256].
Complexes [CoMn(fsaen)(py)s] and [CoMn(fsapn)(py)s] (Hsfsaen = N,N'-
bis(8-carboxysalicylidene)ethylenediamine, H,fsapn = N,N-bis(3-carboxy-
salicylidene)propylenediamine) have been prepared {257]. Electronic spectra
are consistent with the structures (38) and variable-temperature magnetic
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measurements show no exchange interaction between low-spin five-coordinate
Co(II) and high-spin six-coordinate Mn(II).

The crystal structure and low-temperature magnetic properties of the
biphenyl clathrate complex [Mn(NH3;),Ni(CN), * 2 C;,H,,] have been reported
[258,259].

9.10 MODIFIED SURFACES

The field of modified surfaces is one of growing interest, and this is reflec-
ted both by the appearance of a recent review [260] and also by the signifi-
cant number of reports which have appeared this year involving manganese
complexes.

Tetra(aminophenyl)porphyrin has been bonded via the amino function to
oxidised glassy carbon surfaces, and the immobilized porphyrin was then
metallised with Mn(II) and studied by cyclic voltammetry [261,262]. A study
of the comparative rates of metallation by Mn?* and other divalent metal ions
of surfactant porphyrins both in solution and bound as monolayer films to
surfaces has also been made [263]. Manganese(III) phthalocyanine and por-
phyrin complexes have previously been observed to disproportionate upon
irradiation with visible light to give a powerfully reducing Mn(II) complex
and powerfully oxidising Mn(IV) complex. The surface-active porphyrin com-
plex meso-tetrakis-(4-N-stearylpyridinium)porphyrin marganese(III) tetra-
iodide monchydroxide was used to modify a platinum electrode, which was
then successfully used to generate electricity in a wet solar cell [264,265].
Photoelectrochemical evolution of dioxygen from water has been achieved
using a liquid crystal membrane incorporating manganese chlorophyll,
attached to a platinum electrode [266].
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This section is brief: for a moreé detailed review of this literature please

refer to The Chemical Society Specialist Periodical Reports upon Inorganic
Biochemistry (Ed. H.A.O. Hill).

A review of the importance of manganese in biological systems has been
published [267], and work on manganese dioxygen carriers included in a more
general review of synthetic oxygen carriers related to biological systems [263].

Formation constants for the complex MnA (H,A = S-carboxymethyl-L-
cysteine) and related complexes of other metals are reported [269]. Interac-
tions between Mn?* ions and the dinucleotides NAD and NADP have been
studied by circular dichroism [270], EPR [271] and NMR [272]. NMR mea-
surements have also been used to examine the formatlon of ternary com-
piexes of '-ATP and numerous amino acids with Mn** {273].

Complexes of manganese(II) with sahcyloylhydrazme or benzoylhydraz,ine

LIT L. ad AF dereac RAAT 7 V= i/ AW
{HL) and histidine \na; have been reported, of types MnLZ, vaxupxu;p.;u;—

Cl,] - n Q (Q = EtOH, Me,CO, H,0 or NH;), [MnCI(HL)Z] and {Mn(HL).-
(7M1, 9274 97751 Mano‘anpenﬂ"l’\ comnlexes with (ﬂvr‘anp l'9‘7R 2771
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glutamine [278], histidine [278,279], valine {280, 281] B—alanme [280,
2821, 9-methyladenine [283], y-globuli1 and human serum albumin [284],
and various penicillins [285] have also been prepared.

9.12 REVERSIBLE OXYGENATION OF MANGANESE(II) PHOSPHINE COMPLEXES

Following two secondary accounts [286,287], a primary report [ 288] that
the novel complexes MnLX; (X = various anions, L = various tertiary phos-
phines but not PPh;) resemble haemoglobin and myogiobin in their behaviour
as dioxygen carriers has been published. More than two hundred complexes
of this general formulation are claimed and are believed to be at least dimeric
{possibly tetrameric), containing both terminal and bridging X (e ~ 6;18.

Inmawsrnivla DR oiaval Ty vy arn ala f:v Al ey BAac~Arilnd no Ao s
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with dioxygen (either in the solid state or in many non-hydroxylic solvents)

+n form r]onnlvr conlnnrad roﬂ bliia nurnla or areon comnlaxas. of formulation

MnLX,(0,). The absorption of dioxygen is reported to be stoicheiometric
and completely reversible, as a function of the partial pressure of O, present.
over the complex. These dioxygen adducts are described as having y.q ~ 6.9
up (explained in terms of the complexes containing 50 : 50 mixtures of coor-
dinated singlet and triplet O,) and »(O—O0) = 1402—1430 cm™'. The complex
[Mn(PBu;)Br,(0;)] in thf shows two bands in its visible spectrum at 569 nm
(e~ 2701 mol™! em™!) and 414 nm (e ~ 200 1 mol™! em™!) [288]. If sub-
stantiated, this could be the most important chemical discovery of recent
years.

In an independent investigation of this system [289], tetrahydrofuran
solutions of manganese(II) halides with a variety of tertiary phosphines are
found also to undergo reversible colour changes when dioxygen is added to



190

or removed from the solutions. An identical electronic spectrum to that
reported above for [Mn({PBu;)Br,(0,)] was obtained by passing O, into a
solution of MnBr; in thf containing PBuj, except that the extinction coeffi-
cient of the 569 nm band was >9000 1 mol~! cm™'. Moreover, the same spec-
trum was generated by oxidation of this solution (with the addition of
Li[ClO,] as support electrolyte) at a platinum electrode in the absence of
dioxygen. The deeply coloured compcounds formed have been tentatively
described as manganese(III) phosphine complexes {or possibly mixed-valence
Mn(III/II) species} and are thermally unstable at room temperature. Solutions,
quasi-stable in the presence of excess O, decolourise when that excess is
removed, giving rise to the appearance of reversible uptake of dioxygen.
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