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Polyoxometalates comprise species presenting a remarkable 
variety of unusual structural, electrochemical, magnetic, and 
catalytic properties.1 The introduction of rational means for the 
direct modification of polyoxometalate systems will likely 
stimulate further development and utility of these species. We 
report a simple and general method for the direct functionalization 
of the hexamolybdate cluster, [Mo6Oi9]

2-, through which 
peripheral oxo ligands can be systematically replaced by a variety 
of organoimido groups.2 

Reaction of [W-Bu4N]2[MOsOi9] with various organic isocy-
anates in hot pyridine occurs as shown in eq 1. Each of the three 

[Bu4N]2[Mo6O19] + RNCO -> 

[Bu4N]2[Mo6O18(NR)] + CO2 (1) 
1-Bu (R = n-Bu) 

1-Cy (R = cyclohexyl) 
1-Ar (R = 2,6-(/-Pr)2C6H3) 

monosubstituted hexamolybdate derivatives depicted in eq 1 has 
been characterized by elemental analysis, 1H NMR spectroscopy, 
cyclic voltammetry, and single-crystal X-ray diffraction studies.3 

In each of these species, the organoimido substituent adopts a 
terminal position on the hexamolybdate cage. 

In the case of the 2,6-(diisopropylphenyl)imido ligand (here­
after referred to as NAr), we have discovered that multiple 
functionalization is also readily achieved, as shown in eq 2. Thus 

[Bu4N]2[Mo6O19] + xArNCO -+ 

[Bu4N]2[Mo6O0^)(NAr)J + xC02 (2) 
2(x = 2) 
4 (x - 4) 
5 (* - 5) 

far, hexamolybdate derivatives incorporating two (2),4 four (4),5 

and five (5)6 (NAr) groups have been prepared in one-step 
reactions between the hexamolybdate and varying amounts of 
ArNCO. Workup of all of the above reactions consists simply 
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(3) Complete details regarding these species will be published elsewhere. 
(4) Anal. Calcd for C56H106N4Oi7Mo6: C, 39.96; H, 6.35; N, 3.33. 

Found: C, 39.59; H, 6.49; N, 3.32. 'H NMR (CD3CN, 25 0C): S 7.140 (d, 
C6H3(W), 4 H), 7.015 (m, C6H3(P), 2H), 3.908 (m, CH(CH3)2, 4 H), 3.110 
(m, NCZf2, 16 H), 1.606 (m, CJJ2, 16 H), 1.376 (m, CH2,16 H), 1.278 (m, 
CH(CW3)2, 24 H), 0.948 (t, CH3, 24 H). 

Figure 1. ORTEPrepresentationof thestructureof the [Mo6Oi7(NAr)2]2-
anion in 2 drawn with 35% probability ellipsoids. 

Figure 2. ORTEPrepresentationof thestructureof the [MOsOiJ(NAr)4]
2-

anion in 4-2CH3CN drawn with 35% probability ellipsoids. Selected 
bond lengths (A) and angles (deg): Mo(I)-N(I), 1.760(10); Mo(2)-
N(3), 1.710(10); Mo(5)-N(13), 1.731(11); Mo(6)-N(18), 1.742(11); 
Mo(3)-0(5), 1.704(8); Mo(4)-0(7), 1.686(9); Mo(I)-O(I), 2.267(7); 
Mo(2)-O(l), 2.243(7); Mo(3)-0(l), 2.388(7); Mo(4)-O(l), 2.406(7); 
Mo(5)-0(l), 2.292(8); Mo(6)-0(l), 2.282(8); Mo(I)-N(I)-C(12), 
178.8(10); Mo(2)-N(3)-C(32), 177.8(9); Mo(S)-N(13)-C(52), 175.5-
(10); Mo(6)-N(18)-C(72), 178.5. 

of evaporating solvent, washing the residue with Et2O, and 
crystallizing from CH3CN/Et20. Yields of crystalline material 
are as follows: 2, 67%; 4, 35%; 5, 86%. 

The molecular structures of [Mo60n(NAr)2]
2- (2)7 and 

[Mo60is(NAr)4]
2- (4)8 have been determined by single-crystal 

X-ray diffraction methods. In the case of the bis(imido) derivative 
2 (Figure 1), the quality of the data set does not allow detailed 
structural analysis but the connectivity within the anion is clearly 
established. Contrary to expectations based on steric consider­
ations, 2 adopts a cis structure with the imido groups occupying 
adjacent terminal positions on the hexamolybdate cage, suggesting 
that the presence of one imido substituent exerts an activating 
effect at proximal oxo sites. As shown in Figure 2, the tetrakis-
(NAr) derivative 4 similarly displays a structure in which the 

(5) Anal. Calcd for CTOH14ON6O13MO6: C, 48.00; H, 7.05; N, 4.20; O, 
11.99. Found: C, 47.88; H, 7.02; N, 3.41; 0,11.61. 'H NMR (CD3CN, 25 
"C): S 7.102 (m, C6W3(Zw), 8 H), 6.951 (m, C6HyQ)), 4 H), 3.985 (m, 
CH(CH3)2,8 H), 3.077 (m, NCH2,16 H), 1.580 (m, CH1,16 H), 1.340 (m, 
CH2, 16 H), 1.275 (m, CH(CH3J2, 48 H), 0.944 (t, CH3, 24 H). 

(6) Anal. Calcd for C92H137N7Oi4Mo6: C, 51.14; H, 7.32; N, 4.54. 
Found: C, 51.16; H, 7.48; N, 4.61. 1H NMR (CD3CN, 25 0C): S 7.060 (m, 
C6H3(OT), 10 H), 6.900 (m, C6H3(P), 5 H), 4.033 (m, CH(CH3)2, 10 H), 
3.064 (m, NCH2,16 H), 1.570 (m, CH2,16 H), 1.333 (m, CH2,16 H), 1.284 
(m, CH(CH3J2, 60 H), 0.934 (t, CH3, 24 H). 
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two remaining terminal oxo sites are mutually cis, rather than 
the presumably less crowded alternative arrangement with four 
equatorially disposed NAr groups and frans-positioned oxo 
ligands. 

Selected bond lengths and bond angles for 4 are collected in 
Figure 2; of note are the very long distances from Mo(3) and 
Mo(4) to 0(1) of 2.388(7) and 2.406(7) A, respectively. In the 
parent [Mo6Oi9]2" structure, analogous Mo-O bond lengths are 
2.32 A.9 

The availability of these homologous oxo/(NAr) hexamolyb-
date derivatives provides an opportunity to examine how the 
electrochemical properties of the clusters respond to varying 
degrees of substitution. Cyclic voltammetry studies in acetonitrile 
were conducted on the hexamolybdate and its mono-, bis-, and 
tetrakis(NAr) derivatives. In Figure 3 are plotted the potentials 
of the first, reversible reductions observed for each of the four 
homologues (a second quasi-reversible process was also observed 
in each case). It is seen that each successive incorporation of an 
arylimido ligand renders the reduction potential less favorable by 
ca. 220 mV. For 5, the onset of an irreversible process was noted 
at ca. -2000 mV. These data clearly indicate that the NAr ligand 
is a superior electron donor in comparison to an oxo ligand.10 

Given the ready availability of various organic isocyanates, 
the present work suggests that it will be possible to logically design 
and rationally synthesize a broad range of hexamolybdate 
derivatives of potential utility. For example, it is now possible 
to conceive of incorporating hexamolybdate clusters into extended 
arrays, either by employing isocyanates bearing a reactive 
additional functionality or by using diisocyanate building blocks. 
An important question awaiting study is whether the enhanced 
electron donation provided by successive imido incorporation 

(7) Crystal data for CssHnuN^OnMo* (2): orange-brown blocks, triclinic, 
Fl, a - 12.863(4) A, 6 = 12.829(4) A, c • 22.090(6) A, a = 88.51(3)°, B 
= 86.21(3)°, 7 = 78.19(3)°, V = 3560(2) A \ Z = 2; 11 207 independent 
reflections were collected (T = 238 K, 4° < 29 < 45°), of which 5511 with 
F0 > 4<T(F0) were used in refinement. The centrosymmetric space group was 
chosen on the initial basis of £ values and retained on the basis of the refinement 
statistics and molecular symmetry. A semiempirical absorption correction 
was applied (Tmn/ Tm^ =1.19). All non-hydrogen atoms except carbon were 
refined anisotropically. H atoms were treated as idealized isotropic contri­
butions. R = 9.42%, and Rw = 12.95%. 

(8) Crystal data for CMHi40NgOi5Mo6 (4-2CH3CN): orange crystals, 
monoclinic,F2,/«,a = 16.227(9) A, b • 22.868(7) Kc = 26.766(13) A,S 
= 93.30(4)°, V = 9916(8) A*, Z = 4; 13 279 independent reflections were 
collected (T • 233 K, 4° <, 29 S 45°), of which 7353 with F0 > 4<r(F0) were 
used in refinement. A semiempirical absorption correction was applied (Tn^/ 
TmI0 = 1.30). With the exception of the atoms in one disordered acetonitrile 
molecule, all non-hydrogen atoms were refined anisotropically. H atoms were 
treated as idealized isotropic contributions. R = 6.51%, and Rw = 8.45%. 
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Cyclic Voltammetry of Imido-Hexamolybdates 
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Figure 3. Reduction potentials of arylimido-hexamolybdate derivatives 
as determined by cyclic voltammetry. Conditions: MeCN solvent, 298 
K, Pt working electrode, sweep rate 100 mV/s, [Bu4N]PF* supporting 
electrolyte. The asterisk (*) indicates a minor wave observed in the CV 
of 4 and ascribed to [MOjOIe(NAr)J]2-. 

renders these hexamolybdate derivatives reactive toward various 
electrophiles." We are exploring these and other ideas. 
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