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The synthesis of multinuclear supermolecules, using catechol- Me

functionalized macrocyclic complexes as ligands, has been a

subject of recent studies in our laboratéryThe metal-
complexed “ligands” include derivatives of the macrocyclic
tetraazacyclotetradecacatechol ;T AD-(OH),]* and of the

salicylideneaminocatechols obtained by condensation of 4,5-

diaminocatechol with various salicylaldehydes, >;(IRbR'2-
SALPHEN)-(OHY)? (Figure 1).

In this communication, we report on the synthesis and
properties of complexes that contain cofacially-oriented,
[Mo,Os]?*-bridged, macrocyclic and SALPHEN ligands and on
the structural characterization of the (BU),[Mo,Os[Ni(TAD-
(0O)2)]2] and (BwuN)2[M0205[Cu(EtO,SALPHEN-(O})]2] com-
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Figure 1. Catechol-functionalized ligands employed in this

plexes. Interest in these compounds derives from the possiblecommunication: (A) the [H{EtO),SALPHEN-(OH)] SALPHEN cat-

combination of the unique properties of the previously studied
cofacial porphyrin complexé4 and the redox characteristics
of the metallocatecholate ligands.

The synthesis of the macrocyclic-catechol [)dg]-deriva-
tives was inspired by the known [MOs(3,5-Rcatp]?~ and
[Mo20s(PQ)] complexes (cat= catechol, R= H° or R = tert-
butyl (Bu); PQ = phenanthrenequinoflethat contain co-
facially-oriented phenyl rings. A reaction that uses pP@¢ 2~
as a source of the [M®s]2" unit for the synthesis of these

echol and (B) the [M(TAD-(OHy)] macrocyclic catechol (M= Ni).

SALPHEN-(O}],] in nearly quantitative yield (M= Cu(ll), Ill ,
or Ni(ll), IvV).8

The crystal and molecular structuresl&f°andlll 811 have
been determined (Figure 2). In both structures the catecholate
subunits are cofacially oriented and the [}g]%" unit assumes
a bridging mode essentially identical to that observed in the
structures of the [MgOs('Buycaty]?~ (V) and [Ma,Os(caty]?~

catecholate compounds has been developed in our laboratonfV!) complexes. In the latter the catechol phenyl rings are found

(eq 1) and appears to be of general synthetic utility. Thus the
[M0,0,]*” 4+ 2 H,L — [L(M0,Ox)L* +2H,0 (1)

previously reported (BiN);[Mo,Os('Buycaty] complex was
obtained in 90% vyield from the reaction of (BiN)2[Mo,07]°
with 2 equiv of 3,5-ditert-butylcatechol ‘Bu,cat) in oxygen-
free CHCI, at ambient temperature.

The synthesis of the supermolecular {B)}[Mo,0s[Ni(TAD-
(0)2)]2] (1) and (BuN)2[M020s[H(EtORLSALPHEN-(O}]] (II')
has been accomplished in oxygen-free ,CH at ambient
temperature according to eq 1 AH= [NiTAD-(OH)] and
[Ho(EtO)RSALPHEN-(OH})], respectively). In a subsequent
step,ll can be metalated with 2 molar equiv of M(OAdh
methanol at room temperature to yield (B)[Mo,Os[M(EtO).-
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in a cofacial, staggered arrangement. The Me{p(2)
distances at 3.179(2) A ihand 3.237(4) A inlll are slightly
longer than those reported W (3.132(4) A) anavl (3.13(1)

A). The Mo(1)-0O(1)-Mo(2) angles in andlll are 112.1(3)
and 116.2(6), respectively, similar to that i (109.4(4Y). The
intramolecular Ni(1)-Ni(2) distance inl is 3.938 A, and the
corresponding Cu(BHCu(2) distance inll is 4.110 A. These
distances are within the range reported for a variety of cofacial
metalated porphyrin systems, from 3.417 A in(ETF4)12 to
6.33 Ain Cy(FTF6)13 The macrocyclic subunits inare nearly
planarl4 with rms deviations for all atoms of 0.110 and 0.144
A, respectively. The angle between these planes is 6.5(2)
which is small compared to the angle reported between the
phenyl rings inV at 50.0(4). The lateral displacement of Ni-

(10) Anal. Calculated for ggH112N100sNizMo02: C, 57.63; H, 6.78; N, 8.40.
Found: C,57.53;H, 6.83; N, 8.39. Crystal and refinement data: Dark
green plates of are triclinic, space group PWith a = 12.324(3) A,
b = 17.740(4) A,c = 20.920(4) A,o. = 108.79(33, 5 = 98.20(3},
andy = 103.12(3j. The refinement of the structure by full-matrix
least-squares methods was based on 10686 unique reflectips (2
= 45°, 1 > 20(])). The refinement of 826 parameters with all atoms
present has converged to R19.7 and wR2= 23.4, respectively.
Anal. Calcd for GoH112NeO17M0.Clp: C, 54.94; H, 6.47; N, 4.81.
Found: C, 54.62; H, 6.56; N, 5.08. Crystal and refinement data: Dark
red “arrowheads” ofll are monoclinic, space grolg®i/c, with a =
20.821(4) Ab = 23.133(5) Ac = 20.056(4) A, ang8 = 117.71(3}.
The refinement of the structure by full-matrix least-squares methods
was based on 8018 unique reflectiong = 40°, | > 24(1)). The
refinement of 558 parameters with all atoms present has converged
to R1= 9.95 and wR2= 20.57, respectively.
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Q = substituted catechol, SALPHEN catechol (Figure 1)
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or macrocyctic catechol (Figure 1B)

Figure 3. General scheme showing the reactions of the JDip
bridged catecholate systems.

atoms and “tie-up” the lone pair used for bridging (Figure 3).
B This hydrogen-bonding interaction, evident in the crystal

Figure 2. ORTEP plots (showing 30% probability ellipsoids) for the structure ofVIl , is necessary for the structural change from

anions of (A) (BuN);[Mo,Os[CU(EtORSALPHEN-(O}]] (Il ) and (B) VI_II to VII. The change in the qatecholate binding modg from

(BusN);[M020s[Ni(TAD-(0)5)]2] (I). Complimentary views of and bridging,1-Oy;n71u2-0; to chelating;1-0y,0; and the opening

Il and additional metric features are available in the Supporting of the Mo—O—Mo angle that may accompany such a change

Information. impart flexibility to the possible distance between the catecholate
subunits.

(1) relative to Ni(2) at 1.6 A compares with similar “lateral ™ Tpg oxidatiod” of IV with 2 equiv of ferrocenium has yielded
slip” values for N((DPA) (2.40 A)c Ci(DPB) (1.60 A)feand the neutral bis(semiquinone) complex [MB[Ni(EtO),-

C_oz(DPB) (1.57 A)3 The SALPHEN subunits il def_ine a SALPHENSQ-(0)],] (IX).8 This complex is paramagnetic
dihedral angle of 9.7(2)and are slightly puckered with rms (e = 3.4 uy at 300 K, or 1.7um per SALPHEN unit) and

deviations from the best plariésf 0.165 and 0.137 A The  yeacts with pyridine in the absence of added acid. Whether

lateral slip” between the Cu atoms Iit is only 0.6 A. pyridine affects the coordination mode of the semiquinone
Complexed, II, andIV are diamagnetic. Compléd has  |igands and causes a structural change similar to that shown in

magnetic momentsuggcorr) of 4.09um (2.05 per Cu(ll)) and VIl remains to be established.

2.48 uy at 300 and 4 K, respectively, consistent with weak — he apility to chemically manipulate both the redox state of

antiferromagnetic exchange coupling between the Cu(ll) centers.ihese molecules and the relative spatial separation of the cofacial
Then1-Oyn1u2-O, bridging mode of the catecholate ligands  ¢5iecholates within molecules such Bslil, IV, and IX

accounts in part for the “hairpin” structure of the anions+V!. represents an unusually attractive feature. The possible use of
The last two of these compounds can be envisioned as structurajpese complexes in the binding and activation of small molecules

precursors to the (pyHlI(Cls-cat)(py)MoQJz(1-O)] complex is presently under investigation.
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The addition of 2 equiv of pyridine to (BN)2[M020s(Cls- I, tables of data collection and structure refinement parameters,
cat)]® (Cls-cat = tetrachlorocatecholat/lll ) did not result anisotropic displacement parameters, and of bond lengths and angles
in any change in the electronic spectrum. Upon addition of for I and Ill, figures showing alternate views df and lll and
pyH™ (2 equiv) a change in the electronic spectrum was apparentconnectivity diagrams of the disordered cationd 0énd a listing of
and the isolated product was found to be identicaftio. The the deviations of each macrocyclic ator iandlll from the calculated
electronic spectra ol —IV are also perturbed upon addition least-square planes (40 pages). Ordering information is given on any
of pyH™ cations. Apparently, cations that are sufficiently acidic current masthead page.
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(15) Forligands A and B ol , the atoms with the largest deviation from  (17) Cyclic voltamograms in acetonitrile solution (vs Ag/AgCI,4BI€CIO4
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