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Molybdenum(II1) in the 
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Peripheral substitution at his($-benzene)metal complexes by 
R2P groups affords organometallic diphos-type ligands which 
may carry an unpaired electron, as in 1,2a or, simultaneously, a 
unit of charge, as in 2.+.2b Given the widespread occurrence 
of diphos ligands in coordination chemistry, complexes 3 and 
4 serving as a recent examples? the special ligands 1 and 2 
offer the opportunity to study intramolecular interactions in 
oligonuclear complexes via electron-electron spin-spin inter- 
actions by means of EPR spectroscopy5 or via redox splittings 
using cyclic voltammetry.6 In cases where the structure is 

known, this study may take the form of unraveling the 
mechanistic details of the interaction; if for some reason the 
structure cannot be determined by diffraction methods, valuable 
structural information may be derived from the zero-field 
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splitting  parameter^.^ In this note, we address the question of 
the extent of interaction between chromium(1) and molybde- 
num(III), which are parts of a hetera[3]metallocyclophane.* This 
frame provides a well-defined mutual disposition of the two 
metal atoms. 

The target molecule 7 was synthesized3 from (Pri-$-C5H4)- 
MoC14 (5),9 sodium amalgam, and the organometallic disphos- 
phane 2 following a procedure established by P01i4 (Scheme 
1). The new binuclear complex 7' is considerably more stable 
than 4, which could only be generated as a transient species.4b 
However, as in the case of the synthesis of 4, the main product 
of this reaction is an insoluble material 8 of as yet unknown 
nature. 7' and 8' give identical microanalyses. Therefore, 8 
possibly represents a polymer in which the diphosphane 2 adopts 
a bridging rather than a chelating function. 

The binuclear chelate 7 contains an 18 valence electron (18 
VE) chromium and a 17 VE molybdenum center. Therefore, 
it exhibits an EPR spectrum which is very similar to those of 
the mononuclear species 3 and 4.4a In Figure 1, the EPR 
spectrum of 7' in fluid solution is shown with the simulation of 
the 95,97Mo satellites; in the caption the EPR parameters are 
given, together with those of 3 for comparison. Since we have 
shown recently that in the related paramagnetic species { [(MeZP- 
T~-C~H~)*C~](M~-~~-C~H~)M~(CO)}'+ (Y+)hyperfine coupling 

to both central metals is resolved,I0 it was conceivable that for 
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Figure 1. (a) EPR spectrum (X-band) of 7' (toluene, 25 "C, fluid 
solution), 95.97Mo satellite spectrum shown at higher gain. (g) = 1.982, 
a()'P) = 2.3 mT, u ( ~ ~ , ~ ' M o )  = 3.4 mT. EPR data for 3:4a (g) = 1.986, 
a()'P) = 2.6 mT, a(95.97M~) = 2.9 mT. (b) Simulation of the satellite 
spectrum. (c) EPR spectrum of 7"+ (toluene, - 150 "C, rigid solution): 
gl = 1.977, g2.) = 1.981, D = 286 x cm-I, 
(*) spectrum of residual S = ' 1 2  species. 

7' in addition to hyperfine interaction with 31P and 95397M~ 
coupling to 53Cr could also be picked up. No indication of this 
kind is found in the spectrum of 7'. Obviously, the s orbital 
spin population at 53Cr ( I  = 3/2, 9.54%) is too small to generate 
observable satellites. In the case of 9'+, the singly occupied 
orbital is centered at chromium, and a minute amount only is 
shared by bridging manganese, leading to the coupling constant 
u ( ~ ~ M ~ )  = 0.8 G. This exceedingly small interaction owes its 
detectability to the inherently small linewidths encountered in 
the EPR spectra of bis($-arene)metal (d5) species." Con- 
versely, in the neutral radical 7, according to Fenske-Hall MO 
calculations on the model compound ( $ - C ~ H ~ ) M O ( P H ~ ) ~ C ~ ~ , ~ ~  
the unpaired electron resides at molybdenum (d3) in an orbital 
of 60% Mo 4dz2 content with substantial contribution from 
phosphorus 3d orbitals. Here a very small hyperfine interaction 
with the 53Cr nucleus would certainly be hidden under the larger 
EPR linewidth. Since the 95.97M~ coupling for 7 is somewhat 
larger than for 3, spin transfer to the bis(y6-arene)chromium 
moiety in 7 is apparently negligible. 

Since hyperfine coupling failed to provide evidence for 
intermetallic communication in 7', we tumed to electron- 
electron spin-spin interaction as a probe. A look at the redox 

cm-l, E 4 10 x 
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Figure 2. Cyclic voltammetry of 7' in DMEIn-BudNClOd (0.1 M) at 
a glassy carbon working electrode, Pt counterlectrode versus SCE. T 
= 20 "C, scan rate 100 mV s-]. EIl2 = -0.54 V (AEp = 85 mV, i,/i, 
% 1, +7+'O); Epa 0.63 V (irreversible oxidation of 7+); E,, = 1.16 V 
(irreversible). 
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potentials E112 for the constituting moieties reveals that selective 
one-electron oxidation at chromium to yield the biradical cation 
7"+ should be feasible since E1/2(2+l0) = -0.57 V2b and 
E1/2(3+I0) = -0.12 V.4a In fact, oxidation of 7 by 4-pyridine- 
"aldehyde and immediate cooling to -150 "C lead to an EPR 
spectrum in rigid solution which undoubtedly is that of a 
biradical (Figure 1). This conclusion is based on the presence 
of a half-field (AMs = 2) signal and a typical triplet EPR fine 
structure in the g w 2 region which is superimposed on the 
signal of a residual S = l/2 species. While in the triplet EPR 
spectrum the zero-field splitting parameter E is too small to be 
resolved, for D a value of 286 x cm-l is obtained. Under 
the assumption that the point-dipole approximation is valid, by 
means of the relation r = (3g~/2D)"3,'3 an interspin distance 
of 450 pm is derived. This result agrees very well with the 
intermetallic distance r(Cr**.Mo) 460 pm estimated from 
molecular models and the consideration of analogous molecules 
like 9 which yielded to X-ray ~rystallography.'~ The match 
between interspin distance from EPR and intermetallic distance 
is in line with the single occupancy of two metal centered d;z 
orbitals which are perpendicularly disposed, each orbital being 
collinear with the respective n-perimeter-metal axis. In such 
a geometrical situation and at this intermetal distance, overlap 
between the two singly occupied metal orbitals (torus of Cr d:2, 
lobe of Mo 4 d z 2 )  should be negligible; Le., metal-metal bonding 
is absent. Furthermore, since the g values of the monomolecular 
component radicals 2'+ and 4' are close to the free spin value, 
contributions of spin-orbit coupling to zero-field splitting 
should be unimportant and electron-electron spin-spin interac- 
tion in the biradical cation 7"+ can be regarded as purely 
dipolar.I5 
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It has been demonstrated by cyclic voltammetry that mono- 
nuclear 3’ may be oxidized reversibly to the 16 VE species 
P+$ the latter cation also being accessible as the salt 
[3](BF4).I6 Since P+ constitutes a spin triplet,I2 it was of 
interest to generate the dinuclear dication 72+ in order to possibly 
investigate intramolecular interaction between a Cr(S = l/2) and 
a Mo(S = 1) center. However, as the cyclovoltammetric trace 
(Figure 2 )  shows, the redox couple 7*+/+ is irreversible. This 

also applies to CV in the limited scan range -1.0 V < E < 
+1.2 V. Thus, whereas primary oxidation of 7’ at the 
bis(arene)chromium moiety is reversible, displaying only a small 
anodic shift of f 3 0  mV relative to mononuclear 2, secondary 
oxidation to yield the hypothetical dication 72+ probably leads 
to metal expulsion, caused by the close vicinity of two cations 
in the dinuclear complex and assisted by nucleophilic attack of 
the solvent. 

(15) Complementary studies of 7”+ based on measurements of magnetic 
susceptibility are unpractical since 7”+ could only be generated in 
solution, all attempts to isolate analytically pure salts like [7](BF4) 
being abortive. 

(16) (a) Stiirker, K.; Curtis, M. D. fnorg. Chem. 1985, 24, 3006. (b) The 
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characterized by X-ray diffraction: Abugideiri, F.; Keogh, D. W.; 
Kraatz, H.-B.; Pearson, W.; Poli, R. J .  Organomer. Chem. 1995, 488, 
29. 
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Page 2329. In Figure 2, the y-axis values should be multiplied 
by 10 to read 25 000, 24 000, etc .... In Table 5 ,  footnote e,  
substitute (qI-DPB) for (vl-BPB). 

Page 2330. For Figure 3, the caption should read “Electronic 
spectra of...”. 

IC95 1330 1 




