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Dinuclear iron sites that are bound exclusively by oxygen or
nitrogen ligands are important in the transport of oxygen, the
oxygenation of various substrates, and the activation of dioxy-
gen! The central cores of these sites show the two metal ions
bridged by one or two carboxylates and oxo, hydroxo, or aqua
ligands. Dimeric units with similar structural features also have
been found as components of trinuclear sites in certain Zn and
Mn enzymes. Included among the trinuclear sites, which have
been labeleti‘trinuclear constellations”, are the trizinc centers
in alkaline phosphatase?1-Nucleasé and phospholipasend
the trimanganese center in inorganic pyrophosph&taSar-
boxylato-bridged Maunits also may exist in the tetramanganese
photosynthetic oxidation centeér.

Coordination chemistry of dinuclear complexes with car-
boxylate and oxo, hydroxo, or aqua bridging ligands is well
developed;® and a number of these compounds have been found
important as synthetic and spectroscopic analogs for the
dinuclear sites in biological systems. Another well-known class
of carboxylato- and oxo-bridged complexes is the trinuclear ] ]
[M3O(OOCRJ)L3]" “basic acetate” complex&gn = 0, +1) of Figure 1. Structure and partial labeling of the [(@)0s(u3-OH)(OAC)-

. . : : . R (cat)] complex (V). The corresponding Fe, Mn, and Ni complexes are
transition elements with readily accessible trivalent oxidation X-ray isomorphous and isostructural; thermal ellipsoids as drawn by

states (forn = 1, M = V3, CP*, F&", Mn3" RW**, RKPY, ORTEP represent the 40% probability surfaces.
Ir3%). The [M3O(OOCR}L3]* complexes (M= ColC Nill)
have been reported but have not been structurally characterized= the catecholate dianion, ¥ Mn, Fe, Co, Ni). These X-ray

The unique, oxo-centered [(p)os(us-O)(OACK(OH)]** isomorphous and isostructural complexes contain divalent metal
complex|, contains Co(lll) ions and, in addition to tweOH ions and possess a core structure very similar to that in
ligands, only threeu-acetato bridging ligand$. To our The reaction of M(OAC)4H,0 (3 mmol) with with an

knowledge, there exist no examples of trinuclear carboxylato- gihanglic solution of 0.2 M BNOH (2 mmol) and 1,2-catechol
and oxo-bridged complexes that contain entirely divalent metal (1 mmol) in 40 mL of pyridine affords, after addition of diethyl
1ons. ether and standing at ambient temperature ¥dr2 h, the

I_n this communication we report the synthesis and charac- crystalline [(pyyM"s(OAC)s(us-OH)(cat)] neutral complexéd
terization of the [(pysM"'3(OAC)s(us-OH)(cat)] complexes (cat  (\: Mn, 11: Fe, Il ; Co, IV Ni, V). The us-OH- ligand in

(1) (a) Lippard, S. JAngew. Chem., Int. Ed. Engl988 27, 344-361. _these co_mplf_exes may be sqbstitutedtw/le(f when the latter
(b) Que, L., Jr.; Scarrow, R. C. INetal Clusters in ProteinsQue, is supplied in the synthetic procedure. Thus, the use of a
L., Jr., Ed.; American Chemical Society: Washington, DC, 1988, p  methanolic ByNOH solution (that contains small amounts of

302. (¢) Que, L., Jr.; True, A. EProg. Inorg. Chem199Q 38, 97. (d) N\ . . -
Sanders-Lohr, J. livon Carriers and Iron ProteinsLohr, T. M., Ed.; MeO") in the synthesis ofl results in a trimer that, as

VCH: New York, 1989; pp 375466. determined crystallographically, contains equal amounts of
o) oo B Sl B Sxoston 10, Mo and o i h brdge Sy NaOWe i e
§4g Volbeda, S.: Lahm. A.: -Sakijgmya‘- F.: Suck BMBO 1 1991 10, solution in the strictly nonaqueous synthesis Idf gives
1607. [(py)sC0'3(OAC)s(u3-OMe)(cat)]**
(5) Hough, E.; Hansen, L. K.; Birknes, B.; Junge, K.; Hansen, S.; Hordvik, ~ The structures ofll =V have been determinéfl. The
A.; Lite, C.; Dodson, E. J.; Derewenda, Kature 1989 33§ 357. complexes are X-ray isomorphous and isostructural and consist

6) (a) Cooperman, B. S.; Baykov, A. A.; Lahti, RIBS1922 17, 262. .
© ((b)) Chirgadze, N Y. Kurgnoya’ L P Veirékaya, N AZ.; Teplyakov, of three fused M octahedral units. A common structural feature

A.V.; Wilson, K.; Srokopytov, B. V.; Harutynnyan, E. G.; Hohne,  in Il =V is the pyramidal (M)s(u3-OH) structural unit with three
@ \(’V) éfr']Sta”tOGll(raf%alf9l 36, C12R8f1 Re. Plant Phvsiol. Mol Bial acetate ligands spanning the edges of &)g¥sosceles triangle

a anotakis, D.; Yyocum, C. nu. Re. Plan ySI0l. Mol Blal . . :

199 41, 255. (b) Pecoraro, V. LPhotochem. Photobioll988 48, (Flgurg 1). The catecholate ligand in all of the.complexes serves
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(8) (a) Feig, A. L.; Lippard, SJ. Chem. Re 1994 94, 759-805. (b) bridge between the two podal and the unique axial metal ions.

Kurtz, D. M. Chem. Re. 1990 90, 585-606. - o
(9) Cannon. R. D.- White. R. FP.Qrog. Inorg. Chem1988 36, 195. The asymmetry of the pyramidal (W(«s-OH) unitis apparent

(10) Uemura, S.; Spencer, A.; Wilkinson, GChem. Soc., Dalton Trans

1973 2565. (13) Satisfactory analytical data have been obtained for all of these
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610. been deposited with the Supporting Information.
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Table 1. Summary of Interatomic Distances @nd Angles (deg)
in [(py)sCos(us-O)(OAC)K(OH).]?" (1)*? and in the
[(py)sM"3(OAC)s(us-OH)(cat)] Complexes (M= Mn (11), Fe (Il ),
Co (IV), Ni (V)

Il 1} \% \%

Distances
Map—Mp 2.780(1) 3.150(3) 3.095(4) 3.054(3) 2.980(6)
2.791(1) 3.163(3) 3.108(4) 3.038(3) 2.991(5)
Mp—M, 3.320(1) 3.760(3) 3.684(4) 3.671(3) 3.648(5)
M ap—uOHP 1.892(4) 2.207(7) 2.19(1) 2.13(1) 2.06(2)
Mp—uOHP 1.872(3) 2.172(6) 2.13(1) 2.09(1) 2.05(1)
1.862(3) 2.191(6) 2.14(1) 2.09(1) 2.05(1)
Mag—Ocat 1.880(4) 2.176(6) 2.12(1) 2.083(9) 2.04(1)
1.894(4) 2.197(6) 2.14(1) 2.082(9) 2.02(1)
Mp—Ocat 1.899(4) 2.150(7) 2.15(1) 2.13(1) 2.11(2)
1.906(4) 2.162(7) 2.11(1) 2.10(1) 2.10(2)
M—0ac 1.897(4,6) 2.17(1,6) 2.11(2,6) 2.08(1,6) 2.03(1,6)
M—N(Py) 1.963(5,5) 2.33(1,5) 2.22(2,5) 2.19(2,5) 2.09(4,5)
Angles
Map—uOH—M P 95.2(2) 92.0(2) 92.2(4) 92.2(4) 93.1(6)
96.1(2) 92.0(2) 91.4(4) 92.6(4) 93.4(7)

M,—uOH-M> 1255(2) 119.0(3) 119.9(4) 122.8(4) 125.6(7)

aThe first number in parentheses represents the larger of the
individual standard deviations or the standard deviation from the mean,
o = [Ji="N(x — X)¥N(N — 1)]V2% the second represents the number of
chemically equivalent bonds averaged dap = apical metal atom
(Co(3) in Figure 1), p= podal metal atoms (Co(l), Co(ll) in Figure 1).
cat= catechol, ac= acetate, Py= pyridine. Forl, 4-O distances and
angles are reported.

in the unequal M-M distances and MOH—M angles (Table

1). The coordination of pyridine molecules as terminal ligands
to each of the metal ions completes the distorted octahedtal M
coordination spheres.

A comparison of the structure dVV with the previously
reported? structure ofl shows (Table 1) differences in corre-
sponding interatomic distances as expected for the ionic radius
differences between the Co(lll) ions irand the Co(ll) ions in
IV. The larger M-OH—M angles in| and the slightly
“flattened” (M"")3(us-O) pyramidal unit, by comparison to the
(M"M3(us-OH) unit in 1V, undoubtedly reflect the effects of the
more pronounced Co(IHCo(lll) electrostatic repulsive interac-
tions inl.

The high-spin octahedral ions in the complexesV are

weakly exchange coupled. Temperature-dependent magnetic

susceptibilitty studies reveal antiferromagnetic intratrimer in-
teractions. A least-squares fit of the data for-V using the
usual HeisenbergDirac—Van Vleck exchange Hamiltonids,
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gave the following values of and Ji3, respectively: —2.36
cm i, —1.92 cnt! (g = 2.00) forll ; —0.63 cnT!, —0.32 cnt1?!
(g = 2.00) forlll ; —1.88 cn1?, —1.32 cn1t (g = 2.56) for
IV; and—2.09 cnt?, —0.07 cnt (g = 2.16) forV.

The Mossbauer spectrum d¢fi at 125 K consists of a
quadrupole doublet witld = 1.22 mm/s,AE; = 1.91 mm/s,
andT" = 0.38 mm/s. The spectrum obtained from a frozen
pyridine solution oflll at 125 K was fit with three doublets
having the followingd, AE values (mm/s?): of 1.18, 2.91;
1.20, 2.62; 1.21, 1.89. The values both in the solid state and in
solution are typical of divalent iron in an octahedral environment
although the exact structure is difficult to ascertain in pyridine
solution.
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(15) Il =V are X-ray isomorphous and isostructural and crystallize in the
monoclinic space group2;/c with Z = 4. Cell dimensions (A, deg)
for Il ,a=11.944(5)b = 19.457(6)c = 20.84(1),5 = 97.67(4); for

IIl', a=11.805(4)b = 19.123(4),c = 20.655(8),5 = 99.21(3); for

IV, a=11.641(3),b = 18.954(4),c = 20.481(6),5 = 99.65(2); for
V,a=11.649(4)b = 18.786(4)c = 21.082(6) 8 = 95.76(3). Single-
crystal X-ray diffraction data for all crystals were collected on a Nicolet
R3m diffractometer using Mo & radiation. The solutions of all
structures were carried out by a combination of heavy-atom Patterson
techniuques, direct methods, and Fourier methods. Full-matrix refine-
ment of 532 parameters on 4260 daté 2 45°, | > 3o) for Il , 384
parameters on 2519 dataf(2 45°, | > 3g) for lll , 487 parameters
on 3094 data (2= 45°, | > 30y) for IV, and 252 parameters on 1501
data (@ = 35°, | > 2¢)) for V gave finalR values of 0.063, 0.081,
0.073, and 0.103, respectively. Over timé, decomposed under
irradiation.

For an isolated trimer, the spin HamiltoniarHs, = —2[J125,°S, +
J03$'Ss + J31SsS)] which reduces tHex = —2J[S'S + 'S ] —
2),SS assumingdiz = Jo3 = J due to theCy, symmetry of the
triangular array. In the exchange schetheepresents coupling between
Co(1)-Co(2) and Co(1)yCo(3) andli3z coupling between Co(2) and
Co(3) (Figure 1).
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