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Mixed Carboxylate/Catecholate Polynuclear
Complexes. Integral Association of Trivalent
Lanthanide lons with Mn 4 Units in the Pentanuclear
Mn4LaCl and Mn 4Tb Clusters
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Recent interest in the coordination chemistry of mangdnese 1
with oxygen or nitrogen donor ligands derives to a great extent

from the importance of oligonuclear Mn sites in biology and has

led to rich, structurally diverse, coordination chemistry.

In this communication we report results of our studies on 5 (17 0 by
manganese “mixed” carboxylate catecholate complexes and the : ’f tn& X \_ W
synthesis of new MhM"' pentanuclear clusters (M Mn, La, \ u A /
Tb). Our interest in the catecholate ligahdierives from the "ﬁr,..--"' - “'-::hr,,{ s
known redox characteristics of the catecholate compfeard ‘//‘ § /’ : =0
the participation of phenolate-type ligands in redox reactions P 5 : r'.-\ ‘-
catalyzed by such enzymes as ribonucleotide redutctase = e, 1 g M
PSIIt-95 The introduction of lanthanide ions in the synthetic :{ ;ﬁ'ln ;, e ; 3‘&,_' -
procedures was an attempt to explore the interactions of strong 2 = o
Lewis acids and the Mn-bound carboxylate/catecholate ligands.

The reaction of MnGl OPiv-, the BuN™ or Et4N™ salts of oy = N
the catecholate dianion and ferrocenium, Fe{cBr— or PR~ ] )

salt), in pyridine solution in a 5:2:4:1 molar ratio, after unexcep-
tional workup, afforded in good yield the green [M@Piv)-
(caty(py)s] ™ cation,l, that is isolated as Bror PR~ salts and
contains a central, eight-coordinate, Mrion.® Introduction of
Tbh(NOs)s-5H,0 in this synthetic procedure (without Fe(gp)
and adjusting the MH/Tbh®" ratio to 4:1 results in the formation
of the colorless [MgTh(OPiv)(cath(py)s] ™ complex cation]l ,
that is isolated as a crystalline NOsalt. With La(NQ); and in
the presence of 1 equiv of NaRFthe endecanuclear,
{[LaMn4(OPiv)(cat)(py)eCl]-Mn(py)} 2, lll , cation forms and
can be isolated as a crystallinedfBalt from pyridine solution.
The same reaction in GEN solution that contains 6% (v/v)
pyridine, in the absence of the PFion, affords the
[LaMny4(OPiv)(caty(py)sClIMn(py).NO; complex, IV, that is
isolated in crystalline form in 80% yield upon the slow diffusion
of ether to the reaction solution. . . D N
The structures of the catioh& | andll are nearly identical ~ Fi9ureé 1. Structure and labeling of the [MKI'(OPiv)(catk(py)s]
(Figure 1), and both contain a pentanuclear core supported entirely=210N¢ complexes (M= Mn (1) Tb (1), the [LaMn(OPv)(cath(py)s-

S . . Cl] unit in {[LaMn4(OPiv)(cath(py)sCll-Mn(py)}2*, lll, and the
by the four bridging catecholate ligands. The catecholate ligands [LaMn4(OPiv)s(catk(py)sCl]~ unit in [LaMny(OPV)(cat(py)ClMn-
(1) (a) Ruttinger, W. F.; Campana, C.; Dismukes, GJGAm. Chem. Soc.  (py)2NOs, IV. Only the carbon atoms bridging the oxygen donors in the
3/9\3/97,#19 6675%5%%.7(8)7 lezi?lg?r') \\/(v l; Ddism%keKS’ g Che&w. Ele._ carboxylate and catecholate ligands are shown. Selected bond lengths
ashington, D.C.1997 97, 1-24. (c) Yachandra, V. K.; Sauer, K.; Klein, . = = c= N
M. P.Chem. Re. (Washington, D.C.1996 96, 6,2927-2950. (d) Pecoraro, (A (1) a = 3.310(2), 3.313(2)b = 3.159(2)-3.209(2);c = 2.119

V. L; Baldwin, M. J.; Gelasco, AChém. Re. (Washington, D.C.1994 94, (6)~2.190(6)d = 1.963(5)-1.983(5),e = 2.143(5)-2.185(6) f = 2.218-
807—826. (e) Kurtz, D. M.Chem. Re. (Washington, D.C.1990 90, 585~ (5)—2.243(5);g = 2.384(5)-2.485(5);h = 2.215(7)-2.290(8); (I ) a=
?8go£f1)162r15a5nc(>te)al\<ll\?_, DH; \&ocllz?\w, C. Rgﬂu. Re:. Pé%ntEP&)gsé%I.zlgl(ilisBégl. 3.208(3), 3.459(3)b = 3.206(3)-3.218(4);c = 2.08(2)-2.13(2);d =
. (9) Wieghardt, KAngew. Chem., Int Ed. En , Ca — LE S
1172. (h) Bashkin, J. S.; Chang,—R; Streib, W. E.; Huffman, J. C.; g'gf(?—ggg(i)_’he_ 222']%72(2)2—%521(%)}{ 32‘5&;;32(2095
Hendrickson, D. N.. Christou, Gl. Am. Chem. S0d 987, 109,6502-6504. -21(1)-2.33(1);h = 2.21(2)-2.30(1); (I1') a = 3.307(5), 3.310(5)b
(i) Vincent, J. B.; Christou, Glnorg. Chim. Actal987, 136, L41—L43. (j) = 3.497(5)-3.618(5);c = 4.710(5), 5.881(4)d = 2.56(2)-2.73(1);e
Eg%%vig, G. W Crabtree, R. HProc. Natl. Acad. Sci. U.S.A986 83,4586~ = 2.40(2)-2.47(2);f = 2.10(2)-2.29(2);g = 2.13(2)-2.15(2);h = 2.08-
- _ _ ) . 2)—2.17(2);i = 2.23(2)-2.34(2);j = 2.942(8);k = 2.638(8), 2.739-
(2) Reynolds, R. A., lll.; Yu, W. O.; Dunham, R. W.; Coucouvanis, D. ( ) o - T
Inorg. Chem.1996 35, 2721-2722. (10); (V) a= 3.358(1), 3.370(1)h = 3.475(1)-3.560(1);c = 4.291(1),
(3) Pierpont, C. G.; Lange, C. \WProg. Inorg. Chem1994 41, 331—442. 5.833(1);d = 2.611(3)-2.721(3);e = 2.508(3)-2.538(3);f = 2.169-
(4) Gerfen, G. J.; Bellew, B. F.; Un, S.; Ballinger, J. M.; Stubbe, J.; Griffin,  (3)-2.257(3);g = 2.168(3)-2.173(3);h = 2.099(4)-2.160(4); = 2.241-
R. G.; Singel, D. JJ. Am. Chem. S0d.993 115, 6420. (4)-2.297(4);j = 2.873(1);k = 2.681(2), 2.803(2).

(5) (a) Christou, GAcc.Chem. Red4.989 328-335. (b) Pecoraro, V. L.
Photochem. Photobioll988 48, 244.

(6) Satisfactory analytical data have been deposited as Supporting Informa- . .
tion. Abbreviations used: OPiv= the pivalate anion, (C§CCOO, cat= use one oxygen atom in @-mode and one in @z-mode to
the catecholate dianion, py pyridine. support four divalent metal atoms in a distorted tetrahedral
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arrangement oD,y symmetry. In the center of the cluster is
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quently, the L&" ion lies on top of a rectangle of divalent ions

located the trivalent ion bound by the eight catecholate oxygen and is coordinated by four bidentate catecholate ligand#I(in

atoms in a distorted dodecahedral coordination. The centraf Mn
ion in | shows two sets of MRO bonds with mean MrO bond
lengths of 1.975(5) and 2.43(3) A. The corresponding-Th
distances ifll are 2.29(1) and 2.35(1) A. The difference in the

La—O = 2.40(1)2.73(1) A; inlV, La—0O = 2.508(3)-2.721-
3) A).

At a rather long distance from the ¥aion (2.942(8) A for
Il and 2.873(1) A folV) is located a Cl ion which also serves

M3*—0 bond lengths, which shows the shorter bonds associatedas a weak bridging ligand for two of the Nthions (inlll, Mn—

with the doubly bridging oxygen donors, is in agreement with
enhanced ©M s bonding associated with the positions proximal
to the d2-» M orbital in dodecahedral symmetty. Eight
coordination for first-row divalent ions is rather rare but has been
reported previously for Mt %2 Fe2+,10 and F&*.11

The structure ofll (Figure 1) consists of two nearly identical
[LaMn4(OPiv)(cat), (py)sCl] units coordinated to a [Mn(py3f
central ion by the available lone pairs gfcoordinated catecho-
late oxygen donors. ItV a structurally similar [LaMg(OPiv);
(cath(py)sCl]* unit, with a pivalate ligand in place of two pyridine
ligands, is bound in the same fashion to a [MngbQs]™ unit.
The pentanuclear cluster “ligand” units ik and IV although
stoichiometrically very similar, are not isostructural to thosé in
or Il probably because in the latter the @odecahedral cavity
cannot accommodate the large trivalenft&n (rj,n =1.05 A
for La3* vs 0.92 A for TG and 0.66 A for Mid*).22 Conse-

(7) Crystal data fot-py: space group22:2;, a= 12.921(6) Ab = 21.437-
(4) A, c =28.759(6) A,;z= 4, R. = 0.077 Fo? > 20). Il -CHsCN: space
groupP22:2;, a = 13.004(3) A,b = 21.815(4) A,c = 28.938(6) A,z = 4,
R.= 0.070 Fo? > 20). lll -1.5NGHs-1.5E60-MeOH: space groupl, a =
20.930(6) A,b = 21.554(6) A,c = 25.887(7) Ao = 62.28(2}, f = 81.11-
(3)°, y = 63.30(2), z= 2,R. = 0.118, E0? > 20). IV -CHCN: space group
P2i/c, a=25.796(1) Ab = 15.481(1) Ac = 22.340(1) i,ﬁ = 104.49(3},
z=4,R=0.058 Fo? > 20).

(8) (a) Orgel, L. EJ. Inorg. Nucl. Chem196Q 14, 136. (b) Lippard S. J.
Prog. Inorg. Chem1967, 8, 109-193.

(9) (2) Hagen, K. SAngew. Chem., Int. Ed. Engl992 31, 764. (b)

Hughes, B. B.; Haltinwanger, R. C.; Pierpont, C. G.; Hampton, M.; Blackmer, I

G. L. Inorg. Chem 198019, 1801.

(10) (a) DiVvaira, M.; Mani, F.; Stoppioni, B. Chem. Soc., Chem. Commun.
1992 1127. (b) Meier, K.; Riha, GAngew. Chem., Int. Ed. Endl985 24,
4, 858. (c) Singh, P.; Clearfield, A.; Bernal,J. Coord. Chem1971, 1, 29.

(11) (a) Koch, W. O.; Barbieri, A.; Grodzicki, M.; Schunemann, V.;
Trautwein, A. X.; Kruger, H.-JAngew. Chem., Int. Ed. Endl996 35, 422.
(b) King, T. J.; Logan, N.; Morris, A.; Wallwork, S. @. Chem. Soc., Chem.
Commun.1971, 554.

(12) Shannon, R. DActa Crystallogr.1976 A32 751.

Cl 2.638(8) and 2.739(10) A; inlv, Mn—ClI

2.681(2) and 2.803(2) A). The Mmectangle in bottll andIV

can be described as a dimer of dimers. llintwo short Mn—

Mn distances at 3.307(5) and 3.310(5) A and two long ones at

4.710(5) and 5.881(5) A compare with corresponding distances

in IV of 3.358(1) and 3.370(1) A and 4.291(1) and 5.833(1) A.
In the oxygen-evolving complex (OEC) of photosystem Il

(PSIl) a Mny cluster is essential for the catalytic oxidation gitH

during photosynthesi® and is thought to contain Mh and Mrf*

ions. This cluster is catalytically active only in the presence of

Ca&*t and CI ions. The roles of the latter, or of the Maoluster,

in catalysis are not well understood. Lanthanide ions have been

found effective competitive inhibitors for the &asite, and Ct

can be replaced by B® The location of the Ca or La®" ions

and the possible interactions of these and also thadis with

the tetranuclear manganese cluster of the OEC are not known.
The structures ofll andIV represent the first examples of

Mn./Cl~/La3" structural assemblies which show the involvement

of a CI” ion in tertiary interactions with L and a Mn aggregate.

At present we are exploring the reactivityltdif andIV in pursuit

of oxidized analogues and derivatives where thé*Lian is

replaced with C#.
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(13) Yocum, C. F.; Yerkes, C. T.; Blankenship, R. E.; Sharp, R. R.;
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