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The X-Ray Crystal Structure of us-Oxo-hexa-p-iodotetrakis[tripropylphosphine-
manganese(n}], a Manganese(u) Cluster derived from the Interaction of
Di-iodotripropylphosphinemanganese(n) with Dioxygen

Brian Beagley, Charles A. McAuliffe,* Philomena P. Mac Rory, Peter T. Ndifon, and Robin G. Pritchard
Department of Chemistry, University of Manchester Institute of Science and Technology, Manchester M60 1QD, U.K.

Exposure of an n-pentane solution of Mnl,(PPrn;) to a trace amount of anhydrous dioxygen at room temperature
leads to the isolation of Mnl,(PPrn;3), and Mn,Olg{PPrns),; the latter consists of a tetrahedron of manganese atoms
held together by one p4-bridging oxygen and six p-bridging iodine atoms, the five co-ordination about the
manganese atoms being completed by capping tri-n-propylphosphine ligands.

We have previously reported the ability of some man-
ganese(11) phosphine complexes, MnX, (phosphine), to rever-
sibly co-ordinate molecular oxygen! and have observed trends
in the Psy values?— which can be related to the nature of the
phosphine and the halogen. Thus, in solution below 0°C the
ability to bind dioxygen is generally in the order Cl > Br > 1
and PR3 > PPhR; > PPh,R = PPh; (no ability); even under
high pressures MnX,(PPh;) do not bind dioxygen. The
trialkylphosphine complexes represent the other extreme,
where binding of dioxygen is strongest and not always
reversible. Within this group the trimethylphosphine com-
plexes are extraordinary because they react irreversibly with
dioxygen to produce manganese(1) species and other pro-
ducts. For example, the reaction of MnI,(PMe3) with dioxy-
gen leads to the formation of the trigonal bipyramidal
bisphosphine manganese(i) complex, trans-Mnl;(PMes),; no
phosphine oxidation is observed.s

Because of these differences in reactivity towards dioxygen
we are investigating other trialkylphosphine complexes,
MnX,(PR;), and report here a novel p4-0xo-system derived
from the reaction of Mnl,(PPrn;) with trace amounts of
dioxygen at room temperature. To a dilute solution of
MnlI,(PPr23)T in n-pentane was introduced a trace (1%
0,/99% Ar) of rigorously anhydrous dioxygen. Immediately
the colourless solution became green, indicative of the
formation of a dioxygen complex. On standing in the
refrigerator two types of crystal were observed to have

T Satisfactory elemental analyses were obtained for MnI(PPrn;).

Figure 1. The molecular structure of MnglsO{P(CH,CH,CH,);],
showing the atomic numbering scheme. Selected bond lengths (A):
Mn(1)-1(1) 2.835(1), Mn(1)-P(1) 2.02(9), Mn(1)-O(1) 2.063(4),
Mn(1)-Mn(1) 3.369(6). Selected bond angles (°): I(1)-Mn(1)-P(1)
91.2(1), I(1)}-Mn(1)-O(1) 88.8(1), Mn(1)-I(1)-Mn(1) 72.9(1), P(1)~
Mn(1)-O(1) 180, Mn(1)-O(1)-Mn(1) 109.5.
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formed. A sample of the pink crystals was found by X-ray
analysis to be pseudotetrahedral monomeric Mnl,(PPrn;),.
Although interesting in its own right, MnI,(PPrv), is not
novel; we,® and others? have previously crystallographically
characterised a similar bisphosphine complex, MnI,(PEt5;),.
However, the second type of crystal (pale green in colour)
proved to have a most unexpected structure,
[Mn OI4(PPrns),);1 this complex is certainly novel and of
great interest.

The molecular structure is shown in Figure 1. The molecule
consists of a tetrahedron of manganese atoms held together by
one central py-bridging oxygen atom and six u-bridging iodine
atoms. In addition each manganese is capped by a tripropy!l-
phosphine ligand. Each n-propy! substituent is disordered
with the methylene carbons distributed over two sites.

There is a good deal of current interest in bi- and
tetra-manganese systems as models for O, evolution on
photosystem II. One such model, [Mn,O;Cl4(OAc)3(py)s] (py
= pyridyl), contained a p;-oxygen,? presumably formed from
a water molecule. However, there are only a few molecular
compounds in which oxygen is four co-ordinate, e.g.
[Mg,OBrs(CH00)4),10 [BesO(CoH30,)6),!t and [MngO,-
(Me;CCO,H)4(Me3CCO;)10],12 and there are examples of the
type CuyOClgL,.13~17 In most cases the source of oxygen in
the cluster has not been identified. It could originate in either

t Crystal data for [MnyOl¢(PPrt3),], CagHgsPMmylcO: M = 1638.1,
cubic, space group 123, a = 14.471(5) A, U = 3030(1) A3, D, =
1.795(2) Mg m=3, Z = 2. Graphite monochromatized Mo-K,
radiation, ) = 0.71069 A, p = 3.94 mm~1. The pale green crystal, 0.3
X 0.3 x 0.2 mm?, was sealed in a Lindeman tube under dry argon and
the diffraction data was collected on a Nicolet R3m/V diffractomer at
223K. 1364 Reflections were measured with 393 considered as
observed [F, > 50(F,)]. The structure was solved by standard heavy
atom methods followed by full-matrix least-squares refinement to a
final R = 0.049 (merging R, = 0.024 after absorption correction by
azimuthal scan technique). Appropriate positional and vibrational
constraints were applied during refinement to atoms occupying special
sites, namely O(2a), Mn and P(8c) and I(12d), with I, Mn, and P being
treated anisotropically, C and O isotropically, and H atoms ignored.
Calculations were performed on a micro-Vax computer using the
SHELX TL suite of programs.8 Neutral atom scattering factors were
used throughout. Atomic co-ordinates, bond lengths and angles, and
thermal parameters have been deposited at the Cambridge Crystallo-
graphic Data Centre. See Notice to Authors, Issue No. 1.
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a dioxygen or a water molecule, since often neither species
was excluded, or in some other oxygenated species. However,
in our preparation water was rigorously excluded and we thus
conclude that the reaction of MnI,(PPrn;) with dioxygen in
n-pentane leads to O-O bond cleavage and the formation of
[Mn4OI4(PPrn3)4) and MnI,(PPrn;), as the main products. We
have previously observed phosphine oxidation! when, e.g.,
the MnIy(PBun;) complex reacts with O, at temperatures
>0°C and our observations here demonstrate the activation of
dioxygen by Mnl(PPrm;) to yield the unusual
MH4OIG(PPI'"3)4.
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