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Three complexes, [MBLY(CH3CO;)x(CH3z0OH)], (1), (Mn'',L2(CH3COy), (CH30H)): (2), and (M ,HL3(CHs-
CO,)2(CH30H)), (3), wherein BL! = 3-[(((2'-pyridyl)methyl)imino)methyl]benzene-1,2-diol,k; = 3-[((2-
(2'-pyridyl)ethyl)imino)methyllbenzene-1,2-diol, andl? = 3-[((2-(4-imidazolyl)ethyl)imino)methyl]lbenzene-
1,2-diol, have been synthesized and studi@drystallizes in the monoclinic system, space gr&2g/c, Z = 2,
a=11.396(1) A,b = 18.583(2) A,c = 9.888(1) A, and3 = 103.51(13J. The structure was solved by direct
methods and refined to conventional agreement indites0.028 andR, = 0.029. The molecular structure of

1 consists of discrete [MBLY(CH;CO;,)2(CH3OH)], molecules. 1 is a chainlike bis-dinuclear Mn(Il) complex
involving an unprecedented arrangement of pentacoordinatgos)fdnd hexacoordinated gPmanganese ions

as the outer and inner pairs of metal centers, respectively. The differerNiindistances result from significant
differences in bridging moieties, two catecholato bridges for the shortest distance between inner manganese ions,
and one catecholato and two acetato bridges for the longer distances between inner and outer manganese ions.
The symmetry of the POz donor set around the outer Mn(1) is close to a trigonal bipyramid while gheénd
environment of the inner Mn(2) can be described as a rhombically distorted octahedron. The synthesis, IR, EPR,
and magnetic susceptibility df—3 suggest a similar bis-dinuclear structure for all three complexes. Variable-
temperature magnetic susceptibility studies establish the presence of antiferromagnetic exchange interactions
between Mn(ll) centers df—3 with predominence of the interactions between inner and outer metal-314 (

to —5 cnm1) over the interaction between inner manganese iefls5 to 0.5 cnt). EPR spectroscopy indicates

that the bis-dinuclear arrangement of compleges3 is retained in aprotic solvents. As shown by EPR, O
oxidation leads to the release of the constitutive Mn(ll) dinuclear units, prior to formation of mononuclear Mn(ll)
and finally Mn(lll) species. Observation of two irreversible two-electron oxidation waves in the CV profiles of
1-3 is consistent with a similar splitting of the bis-dinuclear complex molecules induced by electrochemical
oxidation. These studies suggest that complexes resulting from the reaction of manganese with the fully oxidized
form of such electroactive ligands may afford interesting new higher oxidation-state polynuclear Mn species.

evolving complex (OEC) of photosystemt2Thus, numerous
In the expanding field of manganese polynuclear Comp|exes,tetranuclear complexes have been prepared and studied with

tetranuclear assemblies have received much attention during th?Verall oxidation state for the four manganese ions comprised
past 15 years due to the involvement of four interacting betweent8 and+16 and a variety of nitrogen- and/or oxygen-

manganese ions with variable oxidation states in the oxygen- (3) (a) Smit, J. J.; Nap, G. M.; De Jongh, L. J.; Van Ooijen, J. A. C.;
Reedijk, JPhysical979 97B, 365. (b) Horn, E.; Snow, M. R.; Zeleny,
P. C.Aust. J. Cheml98Q 33, 1659. (c) Ten Hoedt, R. W. M.; Reedijk,
J. Inorg. Chim. Actal981 51, 23. (d) Lynch, M. W.; Hendrickson,
D. N.; Fitzgerald, B. J.; Pierpont, C. G. Am. Chem. S0d981, 103
3961. (e) Lynch, M. W.; Hendrickson, D. N.; Fitzgerald, B. J.;
Pierpont, C. GJ. Am. Chem. S0d.984 106, 2041. (f) McKee, V.;
Shepard, W. BJ. Chem. Soc., Chem. Commiii85 158. (g) Brooker,
S.; McKee, V.; Shepard, W. B.; Pannell, L. & Chem. Soc., Dalton
Trans.1987 2555. (h) Bashkin, J. S.; Chang, H. R.; Streib, W. E.;
Huffman, J. C.; Hendrickson, D. N.; Christou, &.Am. Chem. Soc.
1987 109 6502. (i) Li, Q.; Vincent, J. B.; Libby, E.; Chang, H. R,;
Huffman, J. C.; Boyd, W.; Christou, G.; Hendrickson, D. Ahgew.
Chem,, Int. Ed. Engll988 27, 1731. (j) Hendrickson, D. N.; Christou,
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containing ligands affording diverse topological arrangements OH OH OH
of the four manganeses. They are usually described with
reference to known structures or to the overall shape of the OH OH

complex like adamantane (tetrahedfaljubanée® butterfly

o . . =N - =N =
shaped, and bis-dinuclear with either arrangement of the two N N N N-H
dinuclear units in two superposed plahesin the same plane O =

leading to approximately linear or chainlike clusterslowever, O

owing to the large variety of tetranuclear manganese assemblies,

a number of them do not pertain to previously described L'H, LH, L3H,
arrangements. Figure 1. Schematic representation of thelH, H.L2, and HL3

The tetranuclear manganese complexes including catecholatdigands.
or related ligands have cubane structures involving four Mn-
(I) ions.34em On the other hand, catechol-based ligands with state of Kok’s cyclé. The X-ray crystal structure df has been
N2O, donor sets resulting from the Schiff base condensation of determined providing evidence for the chainlike arrangement
2,3-dihydroxybenzaldehyde with 2;NR-pyridine (R= methyl, of the two dinuclear units forming the novel Mncomplexes
ethyl) allow formation of tetranuclear copper(ll) complexes with including these catecholate ligands.
either bis-dinucledror cubang structures depending on R and ) )
on the bridging ability of the anions. These results prompted EXperimental Section
us to explore the ability of such ligands to afford tetranuclear  Materials. 2,3-Dihydroxybenzaldehyde (Fluka), 2-(aminomethyl)-
manganese complexes of the bis-dinuclear type. pyridine (Aldrich), 2-(2-aminoethyl)pyridine (Janssen), histamine di-

In this contribution, we describe the preparation and IR, EPR, hydrochloride (Fluka), and manganese(ll) acetate tetrahydrate (Alfa)
variable-temperature magnetic susceptibility, and electrochemi-‘(’)‘:‘eéﬁr;‘;ﬁg( :SS ng:gh(?esggs-S:C;gLTr;(g;eard\?a(s:S:YI’?]n[t)sri(l)JrSteOdufgé the synthesis

P 1 ,
cal and Q oxidation results for [MfL * (CHsCO2)a(CHsOH)L, Ligands. 3-[(((2-Pyridy)methyl)imino)methylbenzene-1,2-diol
(l), (Mn oL (CH3C02)2(CH30H))2 (2), and (Mﬁ >HL (CH3— 1 b - .
1 ; . N (H2LY) and 3-[((2-(2-Pyridyl)ethyl)imino)methyl]benzene-1,2-diol

CO,)2 (CHzOH)): (3) (_HZL =3-[(((2 -pyrldyl)methyl)l_ml_no)- (H.L?. Both Schiff bases were prepared according to the method
methyl]benzene-1,2-diol, 12 = 3-[((2-(2-pyridyl)ethyl)imino)- reported by Gojon et aft,i.e. condensation of 2,3-dihydroxybenzal-
methyl]benzene-1,2-diol, andsH® = 3-[((2'-(4-imidazolyl)- dehyde (0.69 g, 5 1072 mol) with 2-(aminomethyl)pyridine (0.55 g,
ethyl)imino)methyl]benzene-1,2-diol (Figure 1)).slH is a new 5 x 1073 mol) and 2-(2-aminoethyl)pyridine (0.62 g,>6 10-2 mol)
potentially electroactive ligand including both a catechol and for HoL! and HL?, respectively. K. Yellow powder; yield 0.97 g
an imidazole moiety which is an interesting situation with regard (85.5%). Anal. Calcd for GH1.N2Oz C, 68.39; H, 5.30; N, 12.27.

to the possibility of an histidine imidazole oxidation in thg S  Found: C, 68.25; H, 5.72; N, 12.76. .kf: Orange powder; yield 1.16
g (96%). Anal. Calcd for gH14N20O2: C, 69.40; H, 5.82; N, 11.56.

(4) (a) Vincent, J. B.; Christmas, C.; Huffman, J. C.; Christou, G.; Chang Found: C, 69.16; H, 6.45; N, 11.79.
H. R.; Hendrickson, D. NJ. Chem. Soc., Chem. Comm@887, 236. 3-[((2-(4-Imidazolyl)ethylimino)methyljbenzene-1,2-diol (HL?).

(b) Christmas, C.; Vincent, J. B.; Huffman J. C.; Christou, G.; Chang, Histamine dihydrochloride (1.15 g, 5 10"* mol) was slowly added
H. R.: Hendrickson, D. NJ. Chem. Soc., Chem. Commu@87, 1303. to a stirred solution of sodium ethanolate Aol in 20 mL of absolute
(c) Kulawiec, R. J.; Crabtree, R. H.; Brudvig, G. W.; Schulte, G. K. ethanol). After the reaction mixture was stirred for 1 h, the NaCl
Inorg. Chem.198§ 27, 1309. (d) Chandra, S. K.; Chakrovorty, A.  precipitate was filtered off. 2,3-Dihydroxybenzaldehyde (0.69 g, 5
Inorg. Chem1991, 30, 3795. (e) Libby, E.; McCusker, J. K.; Schmitt,  14-3 0]y was then slowly added to the histamine solution, and the

Eégﬁ;szogglgé_% &',Z?g'?%ﬂ'dﬁ%aﬁ‘;J_Cg_r.'ségtljtingnoKr_g'S?rZﬁjmw_ reaction mixture was stirred for an additiériah during which the

E.; Lobkovsky, E. B.; Christou, Glnorg. Chem.1991, 30, 3486; 2,3-dihydroxybenzaldehyde dissolved completely and the colorless
Angew. Chem., Int. Ed. Endl991, 30, 1672. (g) Bouwman, E.; Bolcar, solution turned to deep yellow. Concentration of the ethanolic solution
M. A.; Libby, E.; Huffman J. C.; Folting, K.; Christou, Gorg. Chem. to 10 mL afforded HL2 as a fine orange powder collected by filtration
1992 31, 5185. and dried overnight under vacuum. Yield: 0.77 g (67.5%). Anal.

(5) (a) Luneau, D.; Savariault, J.-M.; Cassoux, P.; Tuchagues, J.-P. . . . . .
Chem. Soc., Dalton Tran&988 1225. (b) Brooker, S.; McKee, \J. Called for GH1gNsO,: C, 62.31; H, 5.67; N, 18.17. Found: C, 62.44;

Chem. Soc., Chem. Commur989 619. (c) Stibrany, R. T.; Gorun, H, 5.90; N, 18.17.

S. M. Angew. Chem., Int. Ed. Engl99Q 29, 1156. (d) Mikuriya, Complexes. Complexesl—3 were prepared under an atmosphere
M.; Yamato, Y.; Tokii, T.Chem. Lett199], 1429. (e) Chan, M. K.; of purified nitrogen by using standard Schlenk techniques, dried under
Armstrong, W. H.J. Am. Chem. Sod 991, 113 5055. (f) Susuki, vacuum, and stored in an inert-atmosphere box (Vacuum Atmospheres

M.; Hayashi, Y.; Munezawa, K.; Suenaga, M.; Senda, H.; Uehara, A. H E 43.2) equiped with a Dri-Train (Jahan EVAC 7). In a typical

gﬂgm' Ié%tél?]%]r,ﬂlg%zzgé(sg)zl\élizlzuriya, M.; Yamato, .; Tokii, TBull reaction, a carefully degassed solution of Mn(OA¢H,0 (1072 mol)

(6) (a) Chan, M. K.; Armstrong, W. HJ. Am. Chem. Sod.989 111, in methanol (10 mL) was slowly added to the ligand suspension under
9121. (b) Susuki, M.; Sugisawa, T.; Senda, H.; Oshio, H.; Uehara, A. stirring (5x 1073 mol in 40 mL of absolute ethanol) which resulted in
Chem. Lett.1989 1091. (c) Susuki, M.; Senda, H.; Suenaga, M.; complete dissolving of the ligand. The complex precipitated as an
Sugisawa, T.; Uehara, /Chem. Lett.199Q 923. (d) Chan, M. K; abundant yellow powder within43 h. The slurry was warmed to 50
Armstrong, W. H.J. Am. Chem. Sod99Q 112 4985. (e) Sakiyama, o for 1 h under stirring (except fd), cooled at room temperature,

?ralso kfgggn a23}§9 l\/l(?)tsjuenf}g:s, 3 (O: lfa_\l/_vha(,)rlri:{ocnhe? X Wacr'aD?)ltog collected by filtration, washed with MeOH, and dried overnight under

Inorg.Chem.1994 33, 3612. (g) Philouze, C.; Blondin, G.; Girerd, =~ Vacuum.

J.-J.; Guilhem, J.; Pascard, C.; Lexa,JDAm. Chem. S02994 116, [Mn;LY(CHsCO,)2(CHsOH)]z (1): Yield 1.99 g (82%). Anal. Calcd

8557. for Mn,CigH20N2O7: C, 44.47; H, 4.15; N, 5.76; Mn, 22.60. Found:
(7) See forexample: (a) McKee, V.; Tandon, SJSChem. Soc., Chem. ¢, 45.24; H, 4.30; N, 5.79; Mn, 22.52. (MIZCHsCO,)2(CH;OH)).

Commun 1988 1334. (b) Saalfrank, R. W.; Stark, A.; Bremer, M.; (2): Yield 1.7 g (68%). Anal. Calcd for Mi€igH»N:07: C, 45.61;

Hummel, H.-U.Angew. Chem., Int. Ed. Endl99Q 29, 311. (c) Jiang, . . : . . ]
Z-H.: Ma, S.-L.; Liao, D.-Z.; Yan, S.-P.: Wang, G.-L.; Yao, X.-K.: H, 4.43; N, 5.60; Mn, 21.96. Found: C, 45.02; H, 4.27; N, 5.48; Mn,

Wang, R.-JJ. Chem. Soc., Chem. Commadf893 745. (d) Gultneh,

Y.; Ahvazi, B.; Raza Khan, A.; Butcher, R. J.; Tuchagues, Jnétg. (9) (a) Boussac, A.; Zimmermann, J. L.; Rutherford, A. Bibchemistry
Chem.1995 34, 3633. 1989 28, 8984. (b) Boussac, A.; Zimmermann, J. L.; Rutherford, A.
(8) (a) Gojon, E.; Greaves, S. J.; Latour, J. M.; Povey, D. C.; Smith, G. W.; Lavergne, JNature 199Q 347, 303. (c) Boussac, A.; Zimmer-
W. Inorg. Chem1987, 26, 1457. (b) Gojon, E.; Latour, J. M.; Greaves, mann, J. L.; Rutherford, A. WFEBS Lett.199Q 277, 69. (d)
S. J.; Povey, D. C.; Ramdas, V.; Smith, G. WChem. Soc., Dalton Rutherford, A. W.; Boussac, A.; Zimmermann, J.New J. Chem.

Trans.199Q 2043. 1991 15, 491.



Linear Bis-Dinuclear Complexes Inorganic Chemistry, Vol. 36, No. 27, 1995281

21.44. (MpHL3(CH3CO,)2(CH30H)), (3): Yield 0.97 g (40%). Anal.
Calcd for MnCi7H21NsO7: C, 41.74; H, 4.33; N, 8.59; Mn, 22.46.
Found: C, 42.31; H, 4.38; N, 8.43; Mn, 22.3.

Orange-red single crystals tfsuitable for X-ray diffraction studies
were obtained by slow interdiffusion (2 months) between a deoxygen-
ated methanolic solution (45 mL) of M(CH;CO,),4H,0 (2 x 1074
mol) and a deoxygenated methanolic solution (45 mL) gf ‘*H10*
mol).

Physical Mesurements. Elemental analyses were carried out at the
Laboratoire de Chimie de Coordination Microanalytical Laboratory in
Toulouse, France, for C, H, and N and at the Service Central de
Microanalyses du CNRS in Vernaison, France, for Mn. IR spectra
were recorded on a Perkin-Elmer 983 spectrophotometer coupled with
a Perkin-Elmer infrared data station. Samples were run as CsBr pelletsFigure 2. ORTEP view of the [MaL}(CH3CO,)2(CH;OH)], molecule
prepared under nitrogen in the drybox. (1) with atom numbering.

Variable-temperature magnetic susceptiblity data were obtained on .
powdered polycrystalline samples with a Quantum Design MPMs lable 1. Crystallographic Data for [Mit.{(CH:CO;), (CH:OH)].
SQUID susceptometer. Diamagnetic corrections were applied by using
Pascal's constants. Least-squares computer fittings of the magneticchem formula: MaCsgH4oN4O14 fw: 972.48

susceptibility data were accomplished with an adapted version of the space groupP2i/c (No. 14) T=20°C
function-minimization program STEP. a=11.396(1) A
X-band EPR spectra were obtained on a Bruker ESP 300 E b= 18.583(2) A f=103.51(1)

spectrometer with magnetic field modulation at 100 kHz. The ©= 9.888(1) A’& B A
microwave frequency was measured with a Racal-Dana frequency V'=2036.1(7) 4=0.71073

— 3 = 1
meter, and the magnetic field was measured with a Bruker NMR probe Peale = 1.586gcm #(Mo Ka) = 12.3 v
gaussmeter. A Bruker liquid-nitrogen cryostat was used for measure- o < transm Coeff= 0.948-0.999
. - - _ _ _ 2 1/2) —
ments between 300 and 90 K. Powdered and DMF/tolueneslds-C R(glcl)gg IFel D2 IR Rwé.[gz(gzol IFe/(XIFaDT™)

Clu/toluene samples were loaded in 4 mm cyclindrical quartz tubes in
the drybox and then degassed and sealed under vacuum. Table 2. Fractional Atomic Coordinates and Isotropic Equivalent
Cyclic voltammograms (0:220 V s%) were obtained with a three- ~ Temperature Factors @A 100) with ESD’s in Parentheses for

electrode cell comprised of a platinum, gold, or glassy carbon working [Mn,LY(CHs;CQ,)(CH;OH)], (1)
electrode, a Pt wire counter electrode, and a SCE reference electrode:

. - : : atom x/a ylb Zc Ued

Linear voltammograms (5 mV-%) were performed with a platinum
rotating disk (10 rpm). Mn(1) 0.23733(4) 0.60882(2) 0.10440(5) 3.49(2)

X-ray Crystal Structure Determination of 1. An orange-red Mn(2) 0.36592(4)  0.52696(2) 0.41241(5)  3.17(2)
square plate (0.5& 0.50 x 0.125 mm) was sealed on a glass fiber 88; 83?33%% 82?358; 832288; gg&;
and mounted on an Enraf-Nonius CAD 4 diffractometer. A total of 0(3) 0'3737(2) 0.4568(1) 0'2329(2) 5'0(1)
4200 reflections (3974 unique) witth2< 52° were collected at 20C 0(4) 0:2805(3) 025106(1) 0:0365(3) 6:0(2)
using Mo Ko radiation with a graphite monochromatdr< 0.710 73 o(5) 0.1772(2) 0.5288(1) 0.3958(2) 5.2(1)
A). The crystal of [MRLYCHsCO,), (CHsOH)], belongs to the 0(6) 0.0997(2) 0.5890(1) 0.2017(3) 5.7(2)
monoclinic system, and its space group was assigneeds from o(7) 0.3839(2) 0.5911(1) 0.6216(2) 5.0(1)
extinctionshOl, | = 2n + 1, and &0, k = 2n + 1. The crystal quality N(1) 0.3100(2) 0.7100(2) 0.0445(3) 4.3(2)
was monitored by scanning three standard reflections every 2 h. No N(2) 0.1000(2) 0.6483(2) —0.0777(3) 4.4(2)
significant variation was observed during the data collection. After C(1) 0.5791(3) 0.6150(2) 0.3898(3) 3.0(2)
corrections for Lorentz and polarization effettsn empirical absorp- gg; 8?513%8; 8%32%3; 843128‘1183 igg;
tion correction was applieth. . . . .

Structure Solution and Refinement. The structure was solved by C(4) 0.6230(3) 0.7331(2) 0.2333(3) 4.2(2)
using direct method&and refined by full-matrix least squar&s.All ggg; 8451(8)%8; 822%‘8; 8%2;8% gégg
non-hydrogen atoms were refined anisotropically. Hydrogen atoms c(7) 0.4161(3) 0'7350(2) 0'0953(3) 3'8(2)
were found on a difference Fourier synthesis. The H(O7) hydrogen c(8) 0:2365(3) 0:7486(2) _0.0'744(4) 6.4(3)
atom of the methanol molecule was refined while the others were c(9) 0.1221(3) 0.7094(2) —0.1385(3) 4.2(2)
included in calculations with a constrained geometry-tC= 0.97 C(10) 0.0414(3) 0.7359(2) —0.2547(4) 5.0(2)
A). The atomic scattering factors and anomalous dispersion terms were C(11) —0.0637(3) 0.7003(2) —0.3077(4) 5.3(2)

taken from the standard compilatiéh. The final refinement cycle C(12) —0.0888(4) 0.6383(2) —0.2435(4) 5.9(2)
converged tdR(F,) = 0.028 andR, = 0.029 with unit weights. The C(13) —0.0045(4) 0.6144(2) —0.1294(4) 6.0(2)

goodness of fit was = 1.100 with 2745 reflections havirfg? > 60(F) C(14) 0.3404(3) 0.4600(2) 0.1038(4) 5.0(6)
and 265 variable parameters. C(15) 0.3745(5) 0.3992(3) 0.0203(5) 10.2(4)
All calculations were performed on a MicroVAX 3400 computer ~ C(16) 0.0924(3)  0.5578(2) 0.3118(4) 4.8(2)
using the programs MOLEN, SHELXS-86* SHELX 76}* and C(17)  —0.0306(4) 0.5578(3) 0.3419(5) 11.3(4)
c(18) 0.3141(4)  0.5747(3) 0.7178(5) 9.7(4)

(10) Chandler, J. P. Program 66, Quantum Chemistry Program Exchange, 2Ueq= Y3 of the trace of the orthogonalizddj; tensor.
Indiana University, 1973.
(11) Fair, C. K. MOLEN, Molecular Structure Solution Procedures

Enraf-Nonius: Delft, The Netherlands, 1990. ORTEP* The [MmLY(CH;CO,),(CH3OH)], complex molecule is
(12) North, A. C. T.; Phillips, D. C.; Mathews, F. $cta Crystallogr., shown in Figure 2 with atom numbering. The crystallographic data
Sect. A: Found. Crystallogr1968 A24, 351. are summarized in Table 1. Final fractional atomic coordinates with
(13) Sheldrick, G. MSHELXS-86. Program for Crystal Structure Solution  their estimated standard deviations and selected bond lengths and angles
University of Gdtingen: Gitingen, Germany, 1986. are given in Tables 2 and 3, respectively.

(14) Sheldrick, G. M.SHELX 76. Program for Crystal Structure Deter-
minationr University of Cambridge: Cambridge, England, 1976.

(15) International Tables for X-ray Crystallographitynoch Press: Bir- Results and Discussion
mingham, England, 1974; Vol. IV. . .. . .
(16) Johnson, C. KORTEP, Report ORNL-3790ak Ridge National Synthesis and Compositional StudiesThe analytical results

Laboratory: Oak Ridge, TN, 1965. indicate that the reaction of sH!, H,L2, and HL3 with
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Table 3. Selected Interatomic Distances (A) and Angles (deg) for
[anLl(CH3C02)2(CH3OH)]2 (1)a

Manganese Environment

Mn(1)—0(2) 2.056(2) Mn(2)-0(1) 2.162(2)
Mn(1)—0O(4) 2.045(3) Mn(2)-0(2) 2.096(2)
Mn(1)—O(6) 2.056(3) Mn(2)-0(2) 2.165(2)
Mn(1)—N(1) 2.191(3) Mn(2)-O(3) 2.220(2)
Mn(1)—N(2) 2.216(3) Mn(2)-O(5) 2.118(2)
Mn(1)-+-Mn(2) 3.4135(6) Mn(2)-0(7) 2.354(2)

Mn(2)---Mn(2') 3.2970(8)
Mn(1)—-0(2)-Mn(2) 107.93(8) Mn(2}O(1)-Mn(2') 101.45(8)
0O(2)-Mn(1)—0O(4) 100.36(8) O(LyMn(2)—0O(1) 78.55(8)
O(2)-Mn(1)-0(6)  96.76(8) O(1)>Mn(2)—0(2) 75.32(7)
0O(2)-Mn(1)—N(1) 83.79(8) O(1)XMn(2)—0(3) 96.22(8)
O(2-Mn(1)—N(2) 154.99(9) O(1L)yMn(2)—0O(5) 161.59(9)
O(4)-Mn(1)—0O(6) 105.2(1) O(L)rMn(2)—0O(7) 78.17(8)
O(4)-Mn(1)—-N(1) 122.8(1) O(D—Mn(2)—0(2) 152.86(7)
O(4)-Mn(1)—N(2) 101.95(9) O(D—Mn(2)—0(3) 86.87(8)
O(6)-Mn(1)—-N(1) 131.1(1) O(D—Mn(2)—-0O(5) 110.51(9)
0O(6)-Mn(1)—N(2) 88.2(1) O()—Mn(2)—0O(7) 85.20(8)
N(1)—Mn(1)—N(2) 74.70(9) O(2XMn(2)—0(3) 88.76(8)
0O(2)-Mn(2)—0(5) 96.63(8) O(2XMn(2)—0(7) 96.43(8)
O3)-Mn(2)—-0(5) 100.17(9) O(3yMn(2)—0O(7) 171.06(8)
O(5)—-Mn(2)—-0(7) 86.49(8)

Hydrogen Bonds

Oo(7y--0(3) 2.938(3) O(7y-H(O7)--0(3) 161(3)

asymmetry:' =1-x,1—-y,1— 2z
manganese(ll) acetate tetrahydrate under anaerobic condition

position: MnL(CH3CO,)2(CH3OH). This composition which
is analogous to that obtained from the reaction eof Hand
H,L2 with copper acetat®i.e. CpL(CH3COy),, clearly shows
that HL1, H,L2, and HL3 are prone to act as dinucleating

Theil et al.

of symmetry is located at the center of the Mr{Z)(1)—Mn-
(2')—0O(Y) parallelogram is chainlike with a Mn(£)Mn(2)---
Mn(2') angle of 139.1. It is worth noticing that the cohesion
of this bis-dinuclear arrangement is strengthened by ©O(7)
H(O7)--0O(3) hydrogen bonds linking the methanolic oxygen
atom of each dinuclear unit to one of the acetato oxygen atoms
of the related dinuclear unit in the molecule (Figure 2 and Table
3). There are two bis-dinuclear complex molecules per unit
cell and the crystal packing results from van der Waals
interactions. This type of bis-dinuclear linear arrrangement of
manganese ions is reminiscent of that afforded byNieN',N'-
tetrakis(2-pyridylmethyl)-2-hydroxypropane-1,3-diamine
ligand5a-d

The symmetry of the pO3; donor set around the outer Mn(1)
is close to a trigonal bipyramid. The N(1) imine nitrogen atom
of L1 and O(4) and O(6) acetate oxygen atoms occupy the basal
plane with metatligand distances ranging from 2.045(3) to
2.191(3) A while the N(2) pyridine nitrogen and O(2) phenolate
oxygen atoms of L situated at the apices of the bipyramid
(O(2-Mn(1)—N(2) angle~ 155), are separated from the
manganese atom by distances of 2.216(3) and 2.056(2) A,
respectively. The @ligand environment of the inner Mn(2)
can be described as a rhombically distorted octahedron, the basal
plane of which includes the O(1), O(2), and Q(@atecholate
and O(5) acetate oxygen atoms with metaand distances
ranging from 2.096(2) to 2.165(2) A. The O(3) acetate and

leads to complexes characterized by the same empirical com-% (7) methanol oxygen donors separated from Mn(2) by

distances of 2.220(2) and 2.354(2) A, respectively, are situated
at the apices of this elongated octahedron.

The molecular crystal structure of the related §{L&)>(CHs-
CO,)7]2*H20 complex involving 2 has been previously de-

ligands provided the resulting structure is stabilized by bridging Scfibed? and it is interesting to compare the main features of
exogenous anions of the carboxylate type. The presence of ongh€ two structures. The pyridine ring and the imine nitrogen

molecule of methanol per dinuclear unit in all three complexes
is indicative of its involvement as a ligand to manganese and is
probably related to the higher coordinative requirement of
manganese compared to copper.

Molecular Structure of [Mn ;L (CH3CO2)2(CH3z0H)]2 (1).
The complex molecule shown in Figure 2 is located on a
crystallographic inversion center in the unit cell. Each molecule
includes four manganese ions, twé ligands coordinated to
Mn(1) through N(1), N(2), and O(2) and to Mn(2) through O(1),
O(1), and O(2), four acetate ligands bridging Mn(1) to Mn(2),
and two methanol molecules, the O(7) oxygen donors from the

methanol ligands supplementing the Mn(2) coordination spheres.

The L' catecholate oxygen atoms O(1) and O(2) are thus
simultaneously bridging (Mn(£)O(2)—Mn(2) and Mn(2>
0O(1)—Mn(2)) and chelating (Mn(2)). The average-O and
C—C bond lengths of the catecholate ring dfdre 1.331 and
1.397 A, respectively, supporting the Mn(Hatecholate
formulation!” together with the Ma-N and Mn—O bond lengths
(Table 3).

Inside each dinuclear unit, Mn(1) and Mn(2), bridged by two

of the ligand are linked by a methylene bridge ih &nd an
ethylene bridge in & thus affording a five-memberedMn-
(1)—N(1)—C(8)—C(9)—N(2)— ring in the manganese compound
and a six-membered Cu(1)-N(1)—C(8)—C(9)—C(10)-N(2)—

ring in the copper complex. As the adjacent six-membered
—Mn(1)—-N(1)—C(7)—C(5)—C(6)—O(2)— ring is similar to the
—Cu(1)-N(1)—C(7)—C(5)—C(6)—0O(2)— one, the strain im-
posed by the five-membered ring results in a significant change
in the N(2-M—0O(2) angle which departs significantly from
18C° in the Mn complex (154.99(9) while it is 177.1(2} in

the Cu compound. The distortion of the coordination polyhe-
dron around Mn(1) and Cu(l) can be quantified using the
approach of Muetterties and Guggenberdein this method,

the dihedral angles between adjacent faces (known as the shape-
determining anglesiee,, and @) are calculated in order to
describe an intermediate geometry. The key shape-determining
angle, g, is equal to O for an ideal square pyramid (SP) and
53.2 for an ideal trigonal bipyramid (TBP). 3ds equal to
26.38 for the manganese complex and 42.7& the copper
analog, confirming that the departure from the ideal trigonal

acetate and the O(2) catecholate oxygen atoms, are separateipyramid is larger for the Mn(1) than for the Cu(1) coordination

by a distance of 3.4135(6) A while the Mn(2Mn(2") distance
resulting from the O(1) and Offlcatecholate oxygen bridges
is 3.2970(8) A. The Mn(130(2)-Mn(2) angle is larger than
Mn(2)—0O(1)—Mn(2') (107.93(8) vs 101.45(8}) due to the

polyhedront® The other important difference between these two
bis-dinuclear complex molecules concerns the coordination
geometry around the inner metal ions and results from the
presence of two coordinated methanol molecules in the man-

presence of two acetate bridges which push the Mn atoms aparganese compound. While the Cu(2) ligand environment is
in comparison to the phenolato single-atom bridges. The square pyramidal with the apical position occupied by the O(6)
resulting arrangement of the four manganese atoms whose cente@cetate oxygen atom, the Mn(2) ligand environment is distorted

(17) (a) Larsen, S. K.; Pierpont, C. G.; DeMunno, G.; Dolcetti|i@rg.
Chem.1986 25, 4828. (b) Hatrl, F.; Antonin, A., Jr.; De Learie, L.
A.; Pierpont, C. Glnorg. Chem.199Q 29, 1073.

(18) Muetterties, E. L.; Guggenberger, L.JJ.Am. Chem. S0d.974 96,
1748.
(19) Supporting Information.
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octahedral with the second apical position occupied by the O(7) Table 4. Effective Magnetic Momentug/Mn) at Selected

methanolic oxygen atom. Temperatures for Complexds-3
IR Spectroscopy. Table S@° lists some pertinent IR temp (K)
frequencies for the isolated ligands and their manganeseng, complex 300 100 50 20 2

complexes together with our proposed assignments.! Bind 1 IMMLACH-CON(CH-OH 546 455 355 227 074
H,L2 exhibit a strong and very broad absorption (3:@800 5 EMRELZECHECSZZgEECHEOHgt 555 496 419 280 084
cmY) characteristic of hydrogen-bonded phenolic and imine 3 (MnHL3(CHsCO,)(CH:OH)), 5.64 4.92 4.03 2.64 0.80
or pyridine functiong® At variance with HL! and HL2, HalL 3

exhibits resolved absorptions in the high-frequency range: The 0.15
2750-2350 and 20061750 weak and broad absorptions are

typical of NH-+-N intermolecularly hydrogen-bonded imidazole 0.12
rings2! The G=N imine stretching mode is observed at 1625 5

cm! for the three ligands, clearly indicating formation of the @ 0.09
Schiff bases. All three ligands exhibit four IR absorptions in 92

the 1456-1200 cnt?! range which have been assigned to the X 008
vco catechol stretche®. Absorptions typical of the pyridine

ring (around 750, 635, and 405 ch) are observed in the spectra 0.03
of HoL! and HL2 while the characteristic imidazole ring

wavenumbers (around 1310, 830, 740, and 625 %nare 000 T T T T T T T

0 80 160 240 320

present in the spectrum ofske. Temperature (K)

The involvement of the imine nitrogen atoms in the coordina- Figure 3. Variable-temperature magnetic susceptibility data for

Lo e e entrof ol 31 cucened b 0t ACHICOICHONY ) Th s s oo fom a st
o ; A squares fit of the data to the theoretical magnetic susceptibility

S69). Similarly, deprotonation of the catechol functions and cgjculated as mentioned in the text.
involvment of the catecholate oxygen atoms in the coordination
to manganese is indicated by the lack of broad high-frequency
features assigned to-€H---N or NH---N hydrogen bonds in
the uncoordinated ligands and shifts in the characteristic-1420 0.18
1210 cn1? catechol G-O absorptions. Theny absorption at i

0.20 —

3322 cn1! for the chelated & ligand clearly indicates the ? 0.12 —
absence of NH+-N bonds consecutive to coordination of the 8_ —
imine nitrogen atom of the imidazole ring in its protonated form = 0.08
(3). The~635 cnt! ve—c pyridine absorption experiences an 7
upward shift of 20 cm?! as usually observed upon coordina- 0.04
tion.23 |
. . . 0.00 I I e
The asymmetric and symmetric CO@bsorptions observed 0 80 180 240 320
for the acetate anions of complexes3 are close to 1585 and Temperature (K)

1 i ; _ N _
14|35 CT ,1r5ecs)pect2/el?/], affotrdllng';['A (f t;/as((iCOz ) 1,:5(,[%22\/\/)) Figure 4. Variable-temperature magnetic susceptibility data for
value or~150 ent+, characteristic or bridging acetaies.vve (MN2L2(CHsCO,)2(CHsOH)), (2). The solid lines result from a least-

tentatively assign the low-frequency absorptions observed insquares fit of the data to the theoretical magnetic susceptibility
the IR spectra of complexek—3 and lacking in the ligand calculated as mentioned in the text.
spectra to Mra-L vibration modes, some of them being probably

coupled to ligand vibration®:25 spectra, indicating that the interactions operating in the solid
Finally, on the basis of the elemental data which afford the state are retained in solution for all three complexes.

general formulation MsL(CH;CO,)>(CHsOH) and in consid- The effective magnetic moment per manganese at selected

eration of the molecular structure dfand the common IR temperatures is reported in Table 4 for completess, and

features obtained fot—3, we assume a similar (Mb(CHs- the detailed data resulting from the 36® K magnetic

CO,)2(CH30H)), tetranuclear structure for complexgs 3. susceptibility measurements are availdSleThe temperature
EPR Spectroscopy and Magnetic Susceptibility Studies.  dependence of the magnetic susceptibility and effective magnetic

The X-band powder spectra of complex&és-3 exhibit a moment per manganese of the Mn(ll) bis-dinuclear complexes

temperature independent (3680 K) and featureless broad 1—3are shown in Figures-35, respectively.ue#/Mn is lower
resonance with g ~ 2 value. The broadness of these isotropic than the spin only value at 300 K and decreases from 5.46,
EPR absorptions is consistent with the presence of magnetically5.55, and 5.64g to 0.74, 0.84, and 0.8@z at 2 K for 1, 2, and
interacting manganese(ll) ions in the solid s#télhe X-band 3, respectively, indicating overall antiferromagnetic coupling
frozen solution EPR spectra obtained from DMF/toluene or of the S = 5, spin systems of the manganese(ll) ions in all
C,H4Cly/toluene glasses at 90 K are similar to the powder three complexes.

(20) (a) Freeman, H. HI. Am. Chem. So0d.961, 83, 2900. (b) Gramstad, (26) (a) Dowsing, R. D.; Gibson, J. F.; Goodgame, D. M.; Goodgame, M.;

T. Acta Chem. Scand.962 16, 807. Hayward, P. JNature (London)1968 219, 1037. (b) Dowsing, R.
(21) Zimmerman, HZ. Elektrochem1959 63, 608. D.; Gibson, J. F.; Goodgame, M.; Hayward, P.JJChem. Soc. A
(22) Bellamy, L. J.The Infrared Spectra of Complex Molecul8sd ed.; 1969 187. (c) Dowsing, R. D.; Gibson, J. F.; Goodgame, D. M.;

Chapman and Hall: New York, 1975; Vol. I. Goodgame, M.; Hayward, P. J. Chem. Soc. A969 1242. (d)
(23) Nakamoto, Klinfrared and Raman Spectra of Inorganic and Coor- Abragam, A.; Bleaney, BResonance Paramadtigue Electronique

dination Compoundsith ed.; Wiley: New York, 1986. des lons de TransitiorPresses Universitaires de France: Paris, 1971.
(24) Deacon, G. B.; Phillips, R. Loord. Chem. Re 198Q 33, 227. (e) Goodman, B. A.; Raynor, J. BAdv. Inorg. Chem. Radiochem.
(25) Ferraro, J. R.ow Frequencyibrations of inorganic and coordination 197Q 13, 205. (f) Mabad, B.; Cassoux, P.; Tuchagues, J. P;

compoundsPlenum Press: New York, 1971. Hendrickson, D. NInorg. Chem.1986 25, 1420.
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Figure 5. Variable-temperature magnetic susceptibility data for {Mn
HL3(CH3CO,), (CH30H)), (3). The solid lines result from a least-

squares fit of the data to the theoretical magnetic susceptibility
calculated as mentioned in the text.

The X-ray molecular structure df shows the absence of
hydrogen-bond network or ring stacking interaction between

Theil et al.

NP
Er="Y [xw(obsd) — xy(calcd)]®

namely,J; ~ —0.5 cn?, J, (=J4) ~ —4.5 cnT, and Er= 1.2

x 1075 andJ; ~ 0.5 cnT?, J; (=Jg) ~ =5 cnr'l, and Er= 2

x 1075 Considering this result, and the presence of a
paramagnetic tail at very low temperature, we fitted the
experimental data with 4 independently varying paramedgers,

Jo = J4, g, and Par (%) Js, Js, Js, andD; (i = 1—4) set to
zero). Good fits were obtained for the sets of parameter values
Jy = —0.49 cmL, J; (=J4) = —5.06 cnm1'l, g = 1.982, Par=
1.5%, and Er= 1.1 x 1075 (Figure 3) and); = 0.59 cn1?, J,
(=Js) = —5.11 cnrl, g = 1.963, Par= 1.5%, and ErE= 2.5 x
1075 (not shown), indicating thatl;| is ~10% of |J,| and that

its sign cannot be determined unambiguously. Finally, taking
into account the minutd,; value and the ambiguity in its sign,
we also fitted the experimental data with set to zero (3
independently varying parameteds, = J4, gi, and Par (%)).
The ambiguity in the sign of the interdinuclear magnetic

neighboring tetranuclear molecules. The interaction pathway iyieraction was confirmed by the similar quality of the fit

between inner and outer manganese(ll) ions involves one gptained (not shown) with the following parameter valuds:
monoatomic (catecholate oxygen) and two acetate bridges(=j,) = —5.01 cnt?, g = 1.963, Par= 1.5%, Er=6 x 107.

affording a Mn(1)--Mn(2) separation of 3.4135(6) A while two

As previously discussed on the basis on their similar

monoatomic (catecholate oxygens) and two triatomic (hydrogen formulation and IR and EPR features, complegesd3 have
bonds) bridges mediate the interaction between inner manganesenost probably a bis-dinuclear structural arrangement very

ions with a Mn(2):-Mn(2') separation of 3.2970(8) A. It is

similar to that evidenced by the X-ray single-crystal study of

thus clear that among the six possible superexchange interactiong. This hypothesis being also supported by their similar
between the four paramagnetic centers of a tetranuclear compleXmagnetic behavior, we have analyzed the thermal variation of

only the Mn(1)< Mn(2), Mn(1) < Mn(2'), and Mn(2)<

the magnetic susceptibility &and3 by employing the above-

Mn(2') ones need be considered in the present case. Thementioned rigorous meth&tand the same assumptions as for
superexchange pathway between the symmetry related Mn(2)complex1: 3 independently varying parameters € Ja, g,

and Mn(2) ions characterized by the same axially elongated
cubic ligand field results from overlap between the O(1) and
O(T) ligand based orbitals andedy? magnetic orbitals. It has

and Par (%)), andy, J3, Js, Js andD; set to zero. The least-
squares refinement of the theoretical magnetic susceptibility
calculated from this model to the experimental data afforded

already been shown that this type of superexchange pathwaygood fits for the parameter valueg; (=J;) = —3.36 cn1l, g
mediates both ferro- and antiferromagnetic contributions to the = 1.966, Par= 1.7%, Er=5 x 1075 (2, Figure 4);J; (=Js) =
overall magnetic interaction, and the resulting exchange integral —3.84 cn1?, g = 1.990, Par= 1.7%, Er= 2 x 1075 (3, Figure

Jij (—23;SS) may be either positive or negati¥€.0On the other

5). The similar exchange parameters obtained for complexes

hand, the superexchange pathway between Mn(1) and Mn(2)1—-3 affords additional evidence of their structural analogy.

(Mn(1) and Mn(2)) essentially results from overlap of the
Mn(1) (Mn(1)) dz (distorted TBP ligand environment) and
Mn(2) (Mn(2)) de-2 magnetic orbitals with the O(2) (O(2
ligand-based orbitals. In the following, the exchange integral
characterizing the Mn(23> Mn(2') interaction between inner
metal ions is noted; while the exchange integral characterizing
the Mn(1)< Mn(2) (=Mn(1') < Mn(2)) interaction between
inner and outer metal ions is notdg (=Ja).

The magnetic susceptibility ol has been analyzed by

Moreover, the fact that equally good fits are obtainedife3
with the sameJ; 0 assumption agrees well with the
observation that the differences in thé-L3 ligand structure
cannot induce significant changes in the Mn(2) (Mn(2))
coordination geometry and, consequently, in the Ma(@)n(2')
bridge. By contrast, in agreement with the differenceg,n
(=J4) values observed for complex#s 3, the distortion of the
Mn(1) (Mn(2)) TBP ligand environment toward SP, and
consequently the geometry of the Mn{tMn(2) and

employing the rigorous method based on exact diagonalizationMn(1)**Mn(2)) bridges, is dependent upon the differences in

of the effective spin hamiltonian for &,—5,—5/,—5/, spin
system in the 1296 uncoupled spin states basi€séwing to

the results previously gained from the extensive study of the

5/,—%1,—5/,—%/, spin system, and in order to avoid overparam-
etrization, we have set the single ion axial zero-field splitting,
D, to zero and considered a unique isotrogitactor in order

to evaluate the order of magnitude for the main parameiers,
andJ, (=Js). Prior to fitting the experimental data, a detailed
scanning of the-25< J; < 5cntland—15< J, (=4 < 3

cm! ranges has been carried out, locating two minima of the

error function Er (NP= number of data points),

(27) Lambert, S. L.; Hendrickson, D. Nhorg. Chem.1979 18, 2683.

(28) (a) Aussolell, J.; Cassoux, P.; de Loth, P.; Tuchagues, lhory.
Chem.1989 28, 3051. (b) Bousseksou, A.; Tuchagues, J.-P. Submitted
for publication.

L1—-L3 ligand structure.

Electrochemical and Dioxygen Oxidation Studies. Ac-
cording to their solubility, HLY, HyL2, HaL3, and complexes
1-3 have been studied by linear (LV) and cyclic voltammetry
(CV) in DMF and/or DMSO with tetrabutylammonium tet-
rafluoroborate (TBATFB) or tetrabutylammonium perchlorate
(TBAP) as supporting electrolyte.

Caution: Perchlorate salts are potential exploss and
should be handled in small quantities and with much care!

The CV profiles of HL! and HL?2 exhibit two successive
one-electron oxidation processes around 0.7 and 1.3 V corre-
sponding to quasi-reversible conversion of catechol to semi-
quinone and quinone, respectivéiyhile the CV profile of HL3
exhibits irreversible oxidation processes at 0.67 and 0.92 V. At
variance with the case of H! and HL?2 a drop in diffusion
current is observed above 0.7 V in the LV profile oflH,
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Table 5. Electrochemical Parameters Obtained for Compleixe8

linear voltammetry: cyclic
scan rate, 5 mV/s; voltammetry: scan

solvent/ rotation speed 1000 rpm rate 100 mV/s

complex electrolyte  Epp(MV)E  Ip (uA)  Epa(MV)E Iy, (1A) (@)
1 DMF/TBATFB 110 7.3 180 3.3
360 6.3 410 2.6 (b)
1 DMF/TBAP 100 1.0
420 5.9
1 DMSO/TBATFB 100 1.0
1 DMSO/TBAP 30 5.0 90 3.0
390 3.1
2 DMF/TBATFB 120 6.3 200 3.7
530 4.4 N ) ) Gauss .
2 DMF/TBAP 140 5.3 522]60 22(‘.)6 2000 3000 4080 5000
. Figure 6. X-band DMF/toluene glass EPR spectra of @h3(CHs-
DMF/TBATFB 1 2 1 . oA
g DMFjTB AP 128 2 7 1?8 gg CO,)2(CH3;OH)). (3) at 90 K before (a) and after (b) reaction with O
3 DMSO/TBATEB 37 a1 100 55 (023 ratio ~ 1:2; microwave power 20 mW; microwave frequency
3 DMSO/TBAP 25 5.0 80 28 9.4225 GHz (a), 9.4264 GHz (b); 10-G modulation amplitude).
350 2.6
a\/s SCE Yellow DMF/toluene and gH,Cl)/toluene solutions of

complexesl—3 prepared under strictly anaerobic conditions

indicating that an adsorption or a passivation phenomenon iswere_allowed to react with controlled amounts_ofdioxygen. The
occurring at the working electrode. solutions slowly turned brownl( 2) or greenish-brown3),
Depending upon the solvent and supporting electrolyte, flnally .affordlng small amounts of browril(.Z) or bronze. 8)
complexesl—3 undergo one or two irreversible electrochemical Precipitates after a few weeks. Thesg @idation reactions
oxidations regardless of the CV scan rate and nature of theWere monitored with EPR spectroscopy. Comparison of the
working electrode. The results obtained with a platinum EPR spectra of frozen solutions _(90 K_) of the three complexes
electrode and a scan rate of 0.1 Vi sre reported in Table 5,  recorded before and after reaction with small amounts of O
showing that the first oxidation potential is in the0.2 Vrange ~ (Oz:complex ratios lower than-1:1.5) indicates that the first
vs SCE while the second oxidation potential is in the-0045 ~ Step of the reaction of complexés-3 with dioxygen results in
V rangevs SCE, when observable. Since the ligand oxidation the release of dinuclear Mn(ll) species characterized by several
does not occur up to 0.7 V, both anodic peaks can be attributedfin€ structure absorptions exhibiting the typical 11-line hyperfine
to successive oxidations of Mn(ll) ions of the bis-dinuclear Pattern of*Mn pairs?®" However, this first intermediate is not
complexes, in agreement with similar results obtained for Mn(ll) Stable and EPR spectra recorded either after longer reaction
Schiff base complexé®! As confirmed by LV, both oxidations  times or for reaction mixtures containing larger amounts of
of 1and the first oxidation o2 and3 are two-electron processes. ~dioxygen show not only the typical dinuclear absorptions but
As for HglL3, a drop in diffusion current is observed after the @IS0 ag ~ 2 centered six-line hyperfine pattern indicative of
first oxidation (~0.2 V) in the LV profiles of2 and3, indicating the presence of mononuclear Mn(ll) species. The six-line
that an adsorption or a passivation phenomenon is occurring athyPerfine pattern increases at the expense of the absorptions
the working electrode and precluding assessment of the numbercharacteristic of the dinuclear species, as a function of time.
of electrons involved in the second oxidation process. However, FOr long reaction times (weeks) or,@omplex ratios higher
on the basis of a comparison of anodic peak currents in the CV than ~1:1.5 the absorptions characteristic of the dinuclear

experiments, it is likely that both oxidations are also two-electron SPecies have vanished and the- 2 centered six-line pattern
processes i and 3. has decreased while an EPR silent brown precipitate has

Owing to the presence of the pyridine or imidazole and imine deposited at the bottom of the EPR tube. Typical Dl\/_IF/toIl_Jene
nitrogen donors, the Mn(ll) state of both outer manganese ions 912s EPR spectra of compl&before and after reaction with
(N20s ligand environment) should be stabilized toward oxidation & O3 ratio of ~1:2 are shown in Figure 6. All attempts at
compared to the Mn(ll) state of both inner manganese iogs (O characterlzmg_thg f|r_1al EPR silent brown precipitates were
ligand environment§® This rationale suggests that the inner unsuccessful, indicating the presence of a mixture of Mn(lll)
Mn(ll) ions are oxidized at a potential lower than that of the SPecies. Although itis not possible to suggest any satisfactory
outer Mn(ll) ions. The irreversibility of the electrochemical hypothesis for the oxidation reaction pathway between com-
oxidation, indicative of the simultaneous occurence of a Pléxesl—3 and Q, monitoring of these reactions with EPR
chemical reaction, is in agreement with this hypothesis as SPectroscopy evidences similar reaction pathways for all three
oxidation of the inner Mn(ll) centers may be accompanied by complexes including the following: (i) splitting of the bis-

a reorganization of their coordination sphere large enough to dinuclear complexes into dinuclear species; (ii) splitting of the
induce the release of isolated dinuclear units. On the other hand dinuclear species into mononuclear species. _

oxidation of the outer Mn(ll) ions prior to the inner ones would ~_ Thus, regardless of the chemical or electrochemical nature
not result in such a dramatic effect, considering that the ©Of the oxidation, the investigated bis-dinuclear complexes are
pentacoordinated metal centers are both chelated by the N(2)Proken down during the oxidation process. Although we have
N(1), and O(2) donors of the polydentate ligand and bridged already observed the same type of behavior while studying
by its O(2) donor to the inner manganese ion. Furthermore, tetranucled® and dodecanucle#Mn' complexes, we are not
dioxygen oxidation studies reported in the following paragraph aware of literature reports including similar observations
support this analysis. concerning the oxidation of tetranuclear or hlgher _nuclean_ty
Mn" complexes. On the other hand, several oxidation studies

(29) (a) Coleman, W. M.; Taylor, L. TCoord. Chem. Re 198Q 32, 1.
(b) Connors, H.; McAuliffe, C. A.; Tames, Rev. Inorg. Chem1981, (30) Luneau, D.; Savariault, J.-M.; Tuchagues, JiFerg. Chem.1988
3, 199. 27, 3912.
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carried out on dinuclear Mhcomplexes have shown that mononuclear Mn(ll) and finally Mn(lll) species. Observation
tetranuclear complexes with higher manganese oxidation statesof two irreversible two-electron oxidation waves in the CV
may be generated through establishment of oxo or peroxo profiles of 1—3 is consistent with a similar splitting of the bis-
bridges between precursor dinuclear units and rearrangementinuclear complex molecules induced by electrochemical oxida-
of the manganese coordination sphefed. More studies are tion. Finally, catecholimine ligands such aslH, HL2, and
needed in order to determine if this is a general trend among H3|_3 are particu|ar|y well suited to generate bis-dinuclear
Mn” Complexes, and the oxidation Study of several new series manganese structures characterized by Oxygen_rich donor
of tetranuclear Mt complexes undertaken in our groups will  environments and the presence of imidazole rings §Hclose
be published shortly. to manganese ions, both characteristics being of interest with
regard to the modeling of the manganese cluster in the &2C.
However, regardless of the chemical or electrochemical nature
The chainlike bis-dinuclear Mn(ll) complek described in  of the oxidation the investigated bis-dinuclear complexes are
this. work involves an unpreced.ented arrangement of pentaco-proken down during the oxidation process. These studies
ordinated (NOs) and hexacoordinated gdmanganese ions as g ggest that complexes resulting from the reaction of manganese
the outer and inner pairs of metal centers, respectively. The it the fully oxidized form of such electroactive ligands may
different Mrr--Mn distances result from significant differences  4¢,,q interesting new higher oxidation-state polynuclear Mn

n bridging moieties, two catecholat.o bridges for the shortest sCPecies. We are presently investigating such possibilities.
distance between inner manganese ions and one catecholato an

two acetato bridges for the longer distances between inner and  aAcknowledgment. R.Y., R.C., and S.P. acknowledge finan-

outer manganese ions. The later bridges lead to antiferromag-cja| support from the CSIR, New Delhi, India. We are indebted
netic exchange while the former results in magnetic interactions 1, the reviewers for their particularly constructive comments.
weak to the point that the sign of the exchange integigl (

cannot be unambiguously determined. Analytical results, IR Supporting Information Available: A listing of complete crystal

and EPR spectroscopy, and magnetic properties suggest a similaglata and experimental details, listings of final fractional atomic
structure for complexets—3. EPR spectroscopy indicates that coordinates with their estimated standard deviations, components of
the solid-state structure of complexes3 is retained in aprotic the anisotropic temperature factors, hydrogen atomic positional and
solvents. As shown by EPR,,@xidation leads to the release thermal parameters, bond lengths and angles, and least-squares planes
of the constitutive Mn(ll) dinuclear units, prior to formation of ~and deviations of atoms therefrom for complexand listings of detailed

data resulting from the IR and magnetic susceptibility measurements
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