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Mixed Carboxylate/Catecholate Bridged Polynuclear Complexes. Tetranuclear Linear Arrays and
Pentanuclear Clusters with [M;M'Og]®" Cores (M = Fe?t, Mn*?2, M' = Fe*", Mn*3). Rare Examples of
Dodecahedrally Coordinated, First Row, Trivalent Metal lons
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Dinuclear iron sites that involve oxygen or nitrogen ligands,

The reaction of Mn(OAg)(H,0), with the BuN* or Ey4N*

such as carboxylate and imidazole groups, are important in salts of the catecholate dianion (cat) in pyridine solution in a 2:1
biological processes essential for the transport, storage, ormolar ratio affords after unexceptional workup the nearly colorless

activation of dioxygert. Equally important in the function of
enzymes such as alkaline phosphatése pseudocatalaseésand
the oxygen evolving complex (OEC) of photosystem Il (PSII)
are dinuclear or multinuclear Mn units also coordinated by similar
oxygen or nitrogen ligands. Attempts to obtain synthetic
analogues for the biologically important dinuclear or oligonuclear
site$® have led to a wide variety of structurally relevant
manganese and iron complexes.

Recently we have directed our attention to the coordination
chemistry of mixed carboxylatecatecholate complexes with first-
row transition elements. Our interest in this area derives from

crystalline (BuN), or (EuN) [Mn4(OAc)(py)(cat)], 1. The
analogous ENT/FE*, I, and the (BulN),j[Zni(OAc)s(cat)]
complexes|ll , also can be obtained in a similar manierA
parallel reaction using OPiv (rather than OAT) and MX; as a
source of M (X= ClI or Br), with metal/ligand ratios identical
with those used in the synthesis of | and Il, afforded in low yield
the new [My(OPiv)(caty(py)s] ™ complexes (M= Fe,IV; M =
Mn, V). These were isolated as CIBr-, or PR~ salts!? and
the presence of trivalent manganese and iron ions in these
compounds must be due to the presence of adventitiGtigrisice
impurities in the MX reagents which may be essential as

the knowri redox characteristics of the catecholate complexes in templates for the formation of the pentanuclear clustershe
general and the recognized importance of redox-active phenolate-Syntheses ofV and V were eventually optimized using the
type ligands in reactions catalyzed by certain enzymes that includeappropriate reagent ratios suggested by the observed stoichiom-

galactose oxidas®ribonucleotide reductasé and PSIIH
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etry. Introduction of FeGlin the synthesis o¥ and adjusting
the M?*/Fe*t ratio to 4:1 resulted in the formation of the [Mn
Fe(OPiv)(catu(py)s] T complex,VI. The presence of BeFet
in IV and Mr?t,Fe in VI in a 4:1 ratio was anticipated by the
observed stoichiometry and verified by Mossbauer spectroscopy
which showed two quadrupole doublets in a 4:1 ratid®Mnand
one quadrupole doublet il .24

The structures of BiN-I, Et;N-Il , BusN-IlIl , IV -Cl, andV-Br
have been determinéél. In the structures of—Ill the dianions
show (Figure 1) a centrosymmetric, linear array of¥rFet,
and Zrft ions bridged by two catecholate and four acetate
ligands'® Each of the two inner (M metal ions inl and Il
(Mn;—Mn; = 3.248(8) A forla, 3.348(7) A forlb;'¢ Fg—Fg =
3.264(3) A; Zn—2zn; = 3.188(5) A) is five-coordinate chelated
by one catecholate ligand. The terminal metal atomg @ve
six-coordinate i andIl and four-coordinate itll (Mn;—Mn;
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The structures of the cations IW andV are similar (Figure
1) and both contain a pentanuclear core supported entirely by
the four bridging catecholate ligands. The catecholate ligands
use one oxygen atom in @-mode and one in @s;-mode to
support four divalent metal atoms in a distorted tetrahedral
arrangement oD,y symmetry. In the center of the cluster is
located the trivalent ion bound by the eight catecholate oxygen
atoms in a distorted dodecahedral coordination. The centfal Fe
and Mr#t ions inlV andV, respectively, show two sets of MD
bonds of 1.90 and 2.26 A iV and 1.80 and 2.30 A iv. The
origin of this difference in bonding, which shows the doubly
bridging oxygen donors associated with the shorter bonds is in
agreement with enhanced-® & bonding associated with the
positions proximal to the ,d,» M orbital in dodecahedral
symmetry'® Eight coordination for first row divalent ions is rather
rare but has been reported previously for 32 F&#t 20 and
Fet2l Two pivalate and eight pyridine ligands complete the
distorted-octahedral coordination around the four peripheral
divalent ions.

Introduction of other trivalent ions into the eight-oxygen cage
of IV andV is possiblé? and depending on the ionic radius the
[Mn4M(OPiv),(cath(py)s] ™ complexes either assume a structure
similar to that oflvV andV (M = Th3*, r = 0.92 A) or rearrange
to a new structure (and new stoichiometry) that places the M
. . _ 34+ —
Figure 1. Structures of the [Mi{OAc)s(py)z(caty]?~ anion inl andll I:{Jg;t’g\ove a rectangular array of four frions (M= La®, r =
and the [M(OPiv)(catu(py)s]" cations (M= Fe; M= Mn), in IV and : )- . . .

V. In both figures, the Mn complex is shown as a prototype and the ~ Interest in the reactivity and structural propertiesliof 1V,
structures, drawn by CrystalMaker, show only the carbon atoms bridging andV derives from the spectroscopically supported conclusion
the oxygen donors in the carboxylate and catecholate ligands. Selectecthat the OEC complex in PSII may be a tetranuclear cluster that

go4n(;19 |§ng§h22ig é& foﬂogvbinlla (Zlbl)ci)“;a = 3;21‘;89) (3-2837%)’2 = contains highly oxidized Mn ions (M, Mn“*) coordinated by
2-34(35)-)g(=' 5 zg()z))c ;25(2)(11)’: 5 15(%”'5 il _( ;,2_3 264((3))-b _ carboxylate and oxo-ligands.The reactivity, redox properties
3:336(3’);(; _ '2_05(1’), é.106(9)d - 2_13’(1);'e _ '2_03(1);'f _ 2_4’0(3); and structural changes th{it accompany the oxidatioh 67,

g = 2.15(1), 2.31(1)h = 2.08(2, 4). InlV: a = 3.303(2), 3.314(2)b andV are currently under investigation.
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terminally coordinated monodentate acetate ligands (rather than
bidentate as ih andll ) and are not bound by pyridine ligan#s. IC971081B
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