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Summary 

Isopolymolybdate anions with various counterions have been obtained from the 
reaction of dioxomolybdenum(V1) compounds and the triphenylphosphonium ylides 
RCH=PPh, (R = Ph, COOEt, H) in dichloromethane. The polyoxoanions are of two 
types, j3-[M0,0,,]~- and [Mo,~,,]~-, depending on the starting molybdates. X-ray 
structure determinations have been performed on the salts [PPh,CH,COOEt]+2 

tF$Hr]];Z_ [Mo,~,,]~~, [PPh,CH,COOEt] t2 [Mo,O,,]*-, and [PPh3CH,Ph]+2 

O6 19 . 

Introduction 

Isopolymolybdates are obtained from simple molybdates in aqueous systems by 
acidification. Their degree of aggregation and their structures are directly dependent 
upon the acidity of the medium [l]. 

We describe below the formation of such isopolymolybdates from dioxomo- 
lybdenum(V1) complexes in the complete absence of water or acid. During a study 
of alkylation reactions of oxomolybdenum complexes we observed the formation of 
hexamolybdate or octamolybdate anions when dioxomolybdenum(V1) complexes 
were treated with triphenylphosphonium ylides. The occurrence of these reactions in 
the absence of any protonating species and above all the apparent transformation of 
an “Moo,” species into an “MOO,” aggregate without any extraneous source of 
oxygen atoms, prompted us to study several dioxomolybdenum(VI)/phosphonium 
ylide systems. 
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0.8 + 0.35 tan B and a variable scan time. The orientation was checked after every 
200 reflections by using three orientation standards, and reorientation by centering 
25 reflections was carried out if any of them were significantly off-center. The 
intensities of three standard reflections measured after 10000 seconds of X-ray 
exposure showed no significant variation. 

Solution and refinement of the structures 
All calculations were performed on a PDP 11/44 computer using the SDP 

software [4]. The structures were solved by conventional Multan [5], Patterson and 
Fourier methods and refined by full-matrix least squares. The minimized function 

was: M=C w(IF,]-IFJ)~ with w l/02(F0). Atomic scattering factors were 
taken from International Tables for X-ray crystallography [6]; absorption and 
extinction corrections were not applied. The hydrogen atoms were generated geomet- 

rically and included in the last cycles of refinement but not refined. Results of 
refinements are given in Table 1. Final difference maps were featureless with peaks 
ranging between +0.4 e A’. 

Atomic coordinates with equivalent values, anisotropic thermal parameters, 
parameters for H atoms, bond distances and bond angles, listings of observed and 
calculated structure factors are available from the authors. 

Discussion 

The polyanions ,&[Mo,0,,14- in compound A and [Mo,O,,]’ ~ in compounds B 
and C are represented in Fig. 1 and 2. These anions have several times been 
crystallographically characterised [7-201 and only some especially interesting fea- 
tures are considered here. Because of the location of the anions at centers of 
symmetry, four molybdenum atoms are crystallographically independent in Mo,O,, 
and three in Mo,O,,. Relevant bond distances and bond angles for distorted MOO, 
octahedra are listed in Table 2 and are consistent with values in the literature. The 
octahedral coordination of the molybdenum atoms is different in the two polyan- 
ions. 

In Mo,O,, (Fig. 3 and Table 2) the terminal oxygen atom shown on MO(~) is 
actually a bridging atom shared with MO(~), and thus the Mo(l)=O(c) distance 
(1.757 A) is slightly longer than other Mo=O distances. In Mo,O,, (Fig. 3 and Table 
3) each molybdenum atom forms one short MO-O bond (mean value 1.677 A), four 
medium MO-O bonds (mean value 1.925 A) and one long MO-O bond (mean value 
2.316 A. In both polyanions the spread of the MO-O distances for the bridging 
oxygen atoms reflects the distorsion of the MOO, octahedra [8,9]. 

The cation [PPh,CH,COOCH,CH,] + in compounds A and B and the cation 
[PPh,CH,Ph]+ in compound C are compared in Table 4. Bond distances and bond 
angles in [NH,(CH,CH,),]+ are given in Fig. 4. All the compounds are simple 
cationic species with no significant short non-bonded contacts. 

All known isopolymolybdates have been obtained by acidification of aqueous 
molybdate [l], by hydrolysis of esters of molybdic acids in organic solvents [21-251 
or by treatment of molybdenum oxide with organic bases [9,26,27]. More recently 
isopolymolybdates containing organic moieties have attracted increasing interest 
because of their possible role as intermediates in catalytic oxydation reactions 
[10,28,29]. Again the isopolymolybdate compounds were obtained either by O-al- 
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(catlon C) (catlon A) 

Fig. 2. ORTEP view of the cations PhlPCH2Ph+ (compound C) and Ph,PCH,CO,Et+ (compound A). 

“oxometallobetame” (1). This is analogous to the well documented reaction of ylides 
with transition metal complexes; the main difference arises from the marked 

nucleophilic character of the MO-O- group, which could attack a second mole of 
dioxomolybdenum complex, as is shown in Scheme. 2. Such attack could well be the 
key step in the initiation of the formation of an isopolymolybdate species. 

The presence in the products of phosphonium cations (3) implies the occurrence 
of a transylidation reaction, such as is often encountered in ylide-transition metal 
chemistry [30,31]. This transylidation, involving the intermediate 2 as shown in 
Scheme 2, could plausibly be followed by rearrangement to two distinct molybdenum 
compounds. The monooxo compound 4 was not isolated under the conditions used, 
but only observed as a transient species by NMR *. Its proposed structure is based 
on analogy with a recently isolated dioxomolybdenum-alkylidene compound formed 
in similar reaction with tributylphosphonium ylids [32]. Compounds of type 5, on 
the other hand, can be thought of as being the first step in the formation of an 
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SCHEME 2 

* Transient peaks in the range 165-238 ppm in the 13C {‘H} NMR spectra assignable to metal-al- 

kylidene carbon atoms were observed in several cases. 
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Compound B Compound C 

Mo(1) Mo(2) Mo(3) Mo(1) Mo(2) Mo( 3) 

Disrances (A) 

MO-O(a) 1.676 1.674 1.678 1.680 1.676 1.676 

MO-O(C) 1.959 1.989 1.890 1.936 1.931 1 907 

MO-O(d) 1.982 1.872 1.989 1.934 1.900 1.916 

MO-O(e) 1.903 1.883 1.966 1.905 1.919 1.932 

MO-O(f) 1.885 1.983 1.865 1.906 1.929 1.939 

MO.. .0(b) 2.325 2.328 2.309 2.300 2.316 2.320 

Angles (“) 
O(a)-MO-O(b) 

O(c)-MO-O(e) 

O(d)-MO-O(f) 

O(a)-MO-O(c) 

O(a)-MO-O(d) 

O(a)-MO-O(e) 

O(a)-MO-O(f) 

O(b)pMo-O(c) 

O(b)-MO-O(d) 

O(b)-MO-O(e) 

O(b)-MO-O(f) 

O(c)-MO-O(d) 

O(d)-MO-O(e) 

O(e)-MO-O(f) 

O(c)pMopO(f) 

178.5 176.1 176.1 178.7 177.7 178.8 

152.9 152.7 153.5 153.6 153.2 152.9 

153.3 152.8 154.0 154.1 153.0 153.0 

102.8 101.4 104.1 103.3 102.7 103.5 

103.3 104.7 100.8 102.3 105.4 104.4 

104.2 105.5 101.5 103.0 104.0 103.5 

103.3 101.8 105.0 103.5 101.5 102.6 

76.0 75.5 77.7 76.6 76.7 76.4 

75.7 77.5 75.8 76.5 76.8 76.8 

77.1 77.5 76.3 77.1 76.6 76.5 

77.6 75.7 78.8 77.7 76.3 76.2 

84.0 86.4 85.6 85.7 87.8 87.9 

86.3 91.5 82.9 87.1 87.X 86.4 

89.8 87.5 88.8 88.4 86.2 86.4 

87.6 82.3 91.1 87.2 85.8 86.8 

D Estimated standard deviations are 0.002 to 0.003 for distances and 0.1 to 0.2 for angles. ’ See Fig. 3 for 

labeling. 

TABLE 4 

DISTANCES (A) AND ANGLES (“) FOUND IN THE CATIONS 

PhU), 0 

Ph~2~--P-C~19~-~~20~-0-CC(21~-C~22~ 

Ph(l)\ 

Ph(2)-P-C(19)-C(20)Ph(4) 

Ph(3) 
/ 

1 Ph(3)’ 

Compound A Compound B Compound C 

P-C,, mea* 

P-C(19) 

C(19)-C(20) 

C(20)=0 

C(20)-0 

o-C(21) 

C(21)-C(22) 

Phenyl cycles 
Mean deviation to the 

best (least squares 

plane) (A) 

C-C mean (A) 

Dihedral angles (“) 
Ph(l)-Ph(2) 

Ph(l)-Ph(3) 

Ph(2)-Ph(3) 

1.790+2 1.791 + 7 1.792*7 

1.819(4) 1.797(4) 1.X12(5) 

1.506(6) 1.518(7) 1.514(S) 

1.195(5) 1.188(6) 

1.324(5) 1.312(6) 

1.469(6) 1.496(6) 

1.442(10) 1.472(9) 

kO.018 *0.015 + 0.012 

1.38*2 1.37&3 1.38* 

124 105 112 

104 109 105 

97 110 121 
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