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Microwave Assisted Synthesis of a Mono Organoimido 
Functionalized Anderson Polyoxometalate 

C. Ritchiea* and G. Bryantb

The synthesis of an aliphatic organoimido functionalized 
polyoxometalate has been achieved through a microwave assisted 
reaction protocol in the absence of any activating reagents. 
Characterization of the pendant amine containing polyanion 
[Mo6O18NC(OCH2)3MnMo6O18(OCH2)3CNH2]5- (1) includes single 
crystal XRD, NMR, ESI-MS, IR and SAXS.    

Polyoxometalates (POMs) are a class of molecular metal oxides 
that possess a great degree of structural and compositional 
versatility.1–4 The major structural components of POMs are 
primarily constructed from the condensation of early 
transition metal oxyanions with the metal in high oxidation 
states, although this is by no means exclusive.5–7 One striking 
feature of these molecules is their ability to incorporate almost 
any element within their skeletal frameworks as heteroatoms, 
thus enabling further derivatization of the molecular anions, 
including the grafting of organic ligands.8–16 In recent times, 
the routine organic functionalization of polyanions such as the 
Anderson-Evans and Lindqvist structural types has attracted 
notable attention.10,14,17–26 In 2002-2003, Gouzerh and 
Hasenknopf et al. reported the symmetrical functionalization 
of the [Hx(MO6)Mo6O18]n- (M = MnIII, FeIII, NiII and ZnII) 
heteropolymolybdates by a variety of ligands, and since then 
there have been numerous analogues prepared  bearing 
ligands grafted using a selection of coupling 
methodologies.24,27–30 Particular emphasis has since been 
placed on the development of inorganic-organic hybrids 
constructed from the so called Mn-Anderson polyanion 
[MnMo6O18{(OCH2)3CNH2}2]3-. Expansion of these 
methodologies towards the synthesis and unambiguous 
characterization of asymmetrically functionalized 
polyoxometalates has become a hot area of focus within the 

polyoxometalate community. In particular, the preparation of 
asymmetrically functionalized precursors, with reactive 
pendant functional groups is highly desirable. This goal has 
been achieved through functionalization of [XMo6O18(L1)(L2)]3- 

X = Cr, Mn and Al where the tripodal organic ligands (L1) and 
(L2) that decorate its surface can be varied.31–33 To date, the 
majority of asymmetrically functionalized POMs of this type 
have been reported by the group of Cronin, where the initial 
work relied heavily on fortuitous fractional crystallization due 
to inherent mixtures of products.34 Recently however, the 
groups of Cronin and Wei have developed strategies that 
address the problem of product mixtures. Cronin et al. tackled 
the issue through the use of reverse phase column 
chromatography which facilitated the separation of unreacted 
starting materials from mono- and di-functionalised moieties 
to great effect. This approach takes advantage of the ability to 
control the hydrophobicity of the polyanion using protecting 
group chemistry.35 Wei et al. have also developed an elegant 
method where the controlled protonation of the polyanion 
surface prior to any organomodification results in a change in 
the reactivity pattern of the cluster enabling single-sided 
functionalization yielding  the  χ isomers 
[{RC(CH2O)3}CrMo6O18(OH)3]3-.36 
Regarding functionalization of the lindqvist structural class, 
several examples have been isolated through a range of 
methods.25,37,38 Typically, these methods involve the use of 
some form of activating agent such as DCC for the preparation 
of organo-imido derivatives from organic amine precursors. 
Notably in 2010, Wei successfully prepared 
[Mo6O18NC(OCH2)3MnMo6O18(OCH2)3CNMo6O18]7- which was 
the first time Mn-Anderson had been coupled to the 
hexamolybdate lindqvist polyanion. This was achieved through 
application of the established DCC coupling protocol. 
Subsequent reports include further derivatization of this 
molecular rod with aniline derivatives, again with the use of 
DCC which is required for the activation of the terminal oxo 
group of the polyoxomolybdate precursor.39,40 
Herein, we report the preparation of an asymmetrically 
functionalized Mn-Anderson bearing a pendant 
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hexamolybdate polyanion and an additional terminal primary 
amine (Fig. 1). Remarkably, (1) was prepared in a one-pot 
process from a mixture of TBA4[Mo8O26], Mn(OAc)3·2H2O and 
trishydroxymethylaminomethane in acetonitrile in the absence 
of any additional activating agents. Microwave irradiation of 
the stirred reaction mixture for 3 hours, at 110 °C and 4 bar, 
results in the construction of the hybrid POM in modest yield 
(28 %). To the best of our knowledge, the in-situ conversion of 
one polyanion precursor to two different structural classes, 
followed by their controlled coupling in a one pot process has 
never been previously reported. Despite this, it is no surprise 
that both TBA2[Mo6O19] and (TBA)3[MnMo6O18(NH2C(CH2O)3)2] 

could be simultaneously prepared from this reaction mixture 
as TBA4[Mo8O26] is the polyanion precursor of choice for the 
preparation of both these cluster types. Their coupling in a 
stoichiometric fashion through one organoimido linkage 
results in the unprecedented asymmetrically functionalized 
Mn-Anderson (1). Efforts to improve the reaction yield through 
the use of dry solvents had negligible effect, whereas 
increasing reagent concentrations results in a notable 
reduction in yield. The solubility of (1) in acetone, and the 
absence of any [Mo6O19]2- by-product, enabled the facile 
purification of the title compound due to the insolubility of the 
remaining products in this solvent. Recrystallization of the 
residual acetone insoluble material from acetonitrile, resulted 
in the isolation of predominantly unreacted (TBA)4[Mo8O26], 
along with trace amounts of (TBA)3[MnMo6O18{(OCH2)3CNH2}2] 
and the previously reported di-functionalized organoimido 
species (TBA)7[Mo6O18NC(OCH2)3MnMo6O18(OCH2)3CNMo6O18].    
Crystallographic analysis of (1) confirms the organoimido 
linkage between the two polyanions with the short Mo≡N 
bonds (1.676 – 1.714 Å) and nearly linear Mo≡N-C angle (175.5 
- 178.5 °) being indicative of significant triple bond character. 
Shortening of the Mo-O bond (2.215 Å) trans to Mo≡N vs that 
typically observed in [Mo6O19]2-, as well as the slight elongation 
of the equatorial Mo-O bonds, is also indicative of the 

organoimido linkage. Inspection of the infrared spectroscopy 
(Fig. S1) of (1) reveals the characteristic shoulder peak at 974 
cm-1, which is diagnostic of monosubstituted organoimido 
derivatives of hexamolybdate. Furthermore, the IR spectra 
shows a shift of the C-O stretch of the parent Mn-Anderson 
from 1039 cm-1 to 1044 cm-1 with a significant shoulder at 
1068 cm-1, indicating a strengthening of the C-O bonds due to 
grafting of the hexamolybdate through the imido linkage. This 
is also observed in the crystallographic data, with a slight 
shortening of the C-O bonds on the hexamolybdate 
functionalised side of the Mn-Anderson. Assignment of the 1H 
NMR spectrum of (1) in [D6-acetone], reveals the expected 
resonances for the TBA cations at 1.01, 1.50, 1.83 and 3.43 
ppm. More problematic is the unambiguous assignment of the 
remaining H atoms found as part of the aliphatic –C(CH2O)3 
ligands as a result of the paramagnetic MnIII ion encapsulated 
in the Mn-Anderson. Nevertheless, two major broad 
resonances are observed at (62.50-63.75 ppm and 63.75 – 
65.00 ppm) and are assigned to the methylene hydrogen 
atoms of NH2C(CH2O)3 and Mo≡N-C(CH2O)3 respectively. The 
observed downfield shift of the broad resonances when 
compared with the parent Mn-Anderson (61 ppm) is attributed 

to the strong electron withdrawing nature of the appended 
hexamolybdate. A trace amount, (< 2 %) of 
[MnMo6O18(NH2C(CH2O)3)2]3- contamination is observed via 1H 
NMR from the recrystallization of (1). The impurity is not due 
to decomposition of the title compound as confirmed by 1H 
NMR experiments (Figs. S2-S3). 
In order to probe the solution stability and therefore the 
potential applicability of (1) in the synthesis of more elaborate 
inorganic-organic hybrids, we undertook mass spectroscopy 
and small angle X-ray scattering experiments. The mass 
spectrum of an acetone solution of (1) reveals several well-
defined isotopic envelopes that are assigned as the di- and tri-
anionic forms of (1). Envelopes at 1251.14 and 1371.28 m/z 
are readily assigned as the dianions TBA2H[1]2- and TBA3[1]2-, 

Fig. 1 Graphical representation of two molecules of (1) with solid state hydrogen bonding interactions displayed as broken bonds. Mo, 
orange; Mn, teal; C, black; O, red; N, blue 
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meanwhile the trianions TBA2[1]3- and TBA1H1[1]3- are 
observed at 834.42 and 753.33 m/z (Figs. S4-S7). Notably there 
is no evidence of any additional higher mass species indicating 
the absence of any higher nuclearity condensation products. 
This result along with the ease by which the sample can be 
recrystallized, enticed us to pursue the use of Small angle X-ray 
Scattering (SAXS) to probe the polyanion solution stability. The 
utilization of SAXS in the field of POMs is notably under-
developed, however several key examples of its value have 

been reported.8,41,42 The sensitivity of SAXS to the size and 
shape of species in solution make it a valuable technique to 
probe the integrity and stability of POMs, however, due to the 
inherently low information content, results must be 
interpreted in the light of additional information. SAXS 
measurements were conducted on pure crystalline samples of 
(TBA)3[MnMo6O18(NH2C(CH2O)3)2] and TBA2[Mo6O19]2- as the 
POM constituents from which (1) is constructed as controls. 
The measured radii of gyration for both controls, as well as the 
radii determined from fits assuming a spherical model, agree 
well with dimensions calculated from crystallographic data 
(Fig. S9 – S10). Analysis of scattering data acquired from an 
acetone solution of (1) (Fig. 2, top) results in an excellent fit 
with a cylindrical model, but a spherical model deviates at high 
scattering vector. As the cylindrical model has two parameters, 
different values of the radius and length over a small range can 
give similar fits, so we used calculated values based on the 
atomic coordinates from the single crystal X-ray diffraction 
studies to confirm the molecular shape and size. 
Crystallographically determined atom to atom separations 
from N2 to O41 (Fig. 1) yielded L = 16.74 Å, and an average 
radius of R = 4.19 Å when considering the individual cross 
sections of the Anderson and Lindqvist components. Similarly a 
Van der Waals calculation yielded L = 18.28 Å and R = 4.96 Å, 
with the averages of these values, (L = 17.51 Å and R = 4.58 Å) 
being used to fit the SAXS data of (1) with excellent agreement 
(Fig. 2, top). The stability of compound (1) in acetone over a 
period of 7 days was also confirmed by recollecting the SAXS 
data. Guinier analysis revealed a negligible change in the 
calculated radius of gyration (Fig. 2, bottom) with 1H NMR also 
showing the retention of the characteristic NMR peaks at 
62.50 - 63.75 ppm and 63.75 – 65.00 ppm on the aged sample 
(Fig. S3).  
In conclusion, we have demonstrated the viability and 
potential of microwave reaction conditions for the synthesis of 
novel POMs that are inaccessible using benchtop reaction 
conditions. The asymmetrically functionalised (1) was isolated 
in reasonable yield and excellent purity that has been 
confirmed by solid and solution state measurements. The 
solution stability of (1) has also been confirmed by 
spectroscopic and scattering techniques thus opening up 
avenues for its utility in the development of more elaborate 
inorganic-organic hybrids. Research focussed on the 
construction of functional photoactive and polymeric materials 
is currently underway and will be reported elsewhere in due 
course.   
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Fig. 2 SAXS data for a 3 mM acetone solution of 
TBA5[Mo6O18NC(OCH2)3MnMo6O18(OCH2)3CNH2] (top). Fits : 
Cylindrical model (red), spherical model (blue). Guinier plots, 
whose low q linear fits yield the radius of gyration, for a fresh 
sample (purple), and a sample aged for 7 days (orange) (bottom). 
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