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Salicylate-Mediated Assembly of the Discrete 
Mixed-Valence Nonanuclear Manganese Complex 
lMngO4(o~CPh)~(sal),(salH)*(py)41 
(salH, = salicylic acid, py = pyridine)** 
By Cheryl Christmas, John B. Vincent, John C.  Huffman. 
George Christou,* Hsiu-Rong Chang, and 
David N .  Hendrickson 

Recent developments in Fe"' chemistry have established 
that high nuclearity (>4) complexes can be prepared with 
carboxylate or mixed carboxylate/amine ligation even in 
the expected absence of metal-metal bonds to  assist aggre- 
gation. Iron complexes of this kind have been prepared by 
hydrolytic reactions from smaller nuclearity complexes 
and, to date, octanuclear['] and undecanuclear[21 species 
have been structurally characterized. These units are held 
together by oxide and hydroxide bridges. The efforts of 
our own research program have been concentrated on the 
neighboring 3d metal Mn, and we have reported the non- 
hydrolytic bipyridine(bpy)-mediated conversion of trinu- 
clear [Mn30(02CR)6L3]o.@ ( R =  Me, Ph; L=pyridine(py), 
H 2 0 )  into tetranuclear species containing the non-planar 
[Mn402] We have now found that use of salicylic 
acid (salH2) instead of bpy in these reactions leads to still 
higher aggregation and herein report the preparation of 
the remarkable nonanuclear complex 1. 

[MnP0,(OZCPh)x(sal)4(salH),(~~)~l 1 

To a stirred brown solution of [Mn30(02CPh)6(py)2- 
(H20)][51 in MeCN was added solid salicylic acid (3 equiv.) 
under aerobic conditions. The acid soon dissolved, and the 
homogeneous dark brown solution was left undisturbed 
overnight at room temperature. The resulting black crystals 
of 1 were collected by filtration, washed with hexane, and 
dried in vacuo;[61 yield ca. 40%. 

The X-ray structure[71 of 1 is shown in Figure 1. Charge 
considerations necessitate a mixed-valence description 
(8Mn"', Mn") and the unique central atom Mn(1) is as- 
signed as the Mn" atom through which there is a crystallo- 
graphic two-fold axis relating the two halves-of the mole- 
cule. The average Mn(1)-0 distances (2.312 A) are similar 
to those in the eight-coordinate Mn" complex 
[Mn(N03)4]20 (2.306 The eight Mn"' atoms are six- 

[*] Prof. Dr. G. Christou, Dr. J. C. Huffman, J. B. Vincent, C. Christmas 
Department of Chemistry and the Molecular Structure Center, 
Indiana University 
Bloomington, IN 47405 (USA) 
Prof. Dr. D. N. Hendrickson, H.-R. Chang 
School of Chemical Sciences, University of Illinois 
Urbana, IL 61 801 (USA) 

(CHE 8507748). 
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coordinate and are disposed in two tetranuclear Mn4(p3- 
O), units, each with a butterfly structure. Figure 2a shows 
a stereoview of 1 ; Figure 2b shows a top view of one of the 
[Mn,O,]-units, and it can be seen to be similar to that in 
discrete [Mn,O,]-containing complexes.[41 The two Mn402 
units and central Mn(1) in 1 are held together via four 
p3-q3-salZe groups (0-oxidobenzoate). Peripheral ligation 
is by four terminal py, eight bridging PhCO: (benzoate), 
and two bridging salH@ groups (salicylate). The latter, one 
at  each end of the molecule, are bound only through their 

Fig. 1. Crystal structure of complex I .  To avoid congestion, only one of each 
symmetry-related pair of Mn and 0 atoms are labeled. Primed and unprirned 
atoms are related by the twofold rotation axis through Mn(l). Selected 
atomic separations: Mn(l)-M>(2,3,4,5), 3.814(6)-3.983(6) A; Mn( 1)- 
0(6,7,16,17), 2.240( 14)-2.385( 14) A. 

carboxylate functions; the OH-groups with the oxygen 
atoms O(60) and O(60)' are not involved in metal ligation. 
This conclusion is supported by the near coplanarity be- 
tween the Ph ring and its carboxylate group, an$ the result- 
ing close approach of O(60) to O(51) (2.59(2) A), suggest- 
ing a hydrogen-bonded O(60)-H- . .0(51) unit. A similar 
situation has been seen in Mo" and Rh" complexes con- 
taining p-salH Overall, the Mng unit can be 
considered a purely inorganic example of a 'sandwich' 
compound not supported by metal-metal bonding and 
with the central Mn and two outer [Mn40,] units repre- 
senting the three layers. 

Variable temperature, solid-state magnetic susceptibility 
studies have been performed on powdered samples of 1 in 
the temperature range 300.9 K to 5.0 K. The effective mag- 
netic moment per molecule, pierr, gradually decreases from 
a value of 11.82pB at  300.9 K to a value of 5.83 pB at 5.0 K. 
Extensive coupling is thus indicated and attempts are in 
progress to elucidate the precise nature and magnitude of 
the magnetic interactions between the various Mn atoms of 
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Fig. 2 a) Stereoview of the crystal structure of 1. b) Top view of one end of complex I clarifying the structure of the [Mn&-O).] unit. Selected atomic separa- 
tions: Mn(3)-Mn(4), 2.817(6); Mn(3)-Mn(2), 3.406(6); Mn(3)-Mn(5), 3.408(6); Mn(4)-Mn(2), 3.443(6): Mn(4)-Mn(5), 3.425(6); Mn(2)-Mn(5), 5.914(6) A. 

this complicated and relatively low symmetry mole- 
cule.'"] 

In summary, trinuclear [Mn,O(O,CR),L,] complexes 
continue to prove useful as precursors to higher nuclearity 
species, and reaction with the bifunctional ligand salicylic 
acid leads to a convenient non-hydrolytic conversion to a 
discrete nonanuclear species with an unusual structure. In 
contrast to the octa- and undecanuclear Fe"' complexes, 1 
is a mixed-valence compound containing Mn" and Mn"', 
as found for the recently reported hexanuclear species 
[Mn,02(piv),,,(pivH),] (pivH = pivalic acid)."'] It is inter- 
esting how these neighboring 3d metals exhibit similar, yet 
distinctly different, chemistry with such ligands, although 
it should be added that we have yet to investigate the reac- 
tion of salicylic acid with an [Fe30]-containing complex. 
Further studies in high nuclearity Mn/carboxylate chemis- 
try are in 
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Synthesis and Structure of Compounds Containing 
Ditellurium Side-on Bonded to Nickel Complex 
Fragments 
By Massimo Di Vaira, Maurizio Peruzzini, and 
Piero Stoppioni* 

There has recently been increasing interest in the chem- 
istry of the heavier chalcogen However, metal 
complexes containing Te ligands are extremely scarce, 
probably because of their instability and the limited pro- 
pensity of tellurium to undergo concatenation, compared 
with the lighter chalcogens.[*I The TeZ unit has been unam- 
biguously identified so far in three compounds obtained 
by chance: a trimetal complex where the Te2 unit is both 
terminally and side-on bonded1'] and two dimetal com- 
plexes where the unit is side-on bondedf4] or unsymmetri- 
 ally^^] bridging. Stabilization of Te2 in such compounds 
could be due to the presence of various shielding groups 
and bulky ligands. Very recently, the Te, cyclic unit has 
been identified in a tungsten carbonyl complex.['] 

We report here the synthesis of two monometal com- 
pounds containing less shielded Te2 groups. These have 
been obtained by reacting a polytelluride solution and 
LNi" fragments by a similar procedure to that already 
used to obtain the dinuclear Te, This may 
suggest a general approach to the synthesis of tellurium- 
rich transition-metal compounds. 

The reaction of Ni(C10&-6 H 2 0  in the presence of the 
tridentate ligand l,l,l-tris(diphenylphosphinomethy1)eth- 
ane (triphos) or bis(2-dipheny1phosphinoethyl)phenyl- 
phosphane (ppp) with the stoichiometric amount of so- 
dium telluride (prepared by reduction of tellurium with 
NaBH,) affords the diamagnetic compounds 1 or 2, re- 
spectively (Scheme I), in good yield. The compounds are 
stable in the dark in the solid state and quite insoluble in 
organic solvents. 
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