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Functionalization of [MoW sO1¢]>~ with Aromatic Amines: Synthesis of the First Arylimido Derivatives of
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Surface functionalization of polyoxometalates (POMs) with
organic species to generate new hybrid materials with fascinating
catalytic, medicinal, electrochemical, and photophysical properties
has drawn increasing attention in recent yéare preparation
of such hybrid materials, which usually rely on cluster assembly
reactions,? has become more convenient and straightforward with
the discovery that they may be synthesized directly from their
mother cluster anions.? For example, the hexamolybdate anion
has been found to react with phosphinimiféspcyanate$,or
aromatic aminésto form its imido derivatives. The aryl imido
derivatives of POMs, in particular, have drawn significant interest
in that the organicr-electrons may extend their conjugation to
the inorganic framework, resulting in possible synergistic ef-
fects?:8 A fairly large number of imido derivatives of [M®19]>~
have now been synthesized and their properties expfored.

So far, however, the orgaremido functionalization of POMs
has focused only on the hexamolybdate anion. Attempts to
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Scheme 1. Synthesis of Imido Derivatives of the
[MOoWs501¢]2— Cluster Aniord

" X NH,
[W10032]" MeOH/CH,CN

. [MoW:Ou
[MosO, 52%: DCC, CHsCN

L

2a: X=H
2b: X =1

a2 The counterion is tetrabutylammonium.

report that this reaction can be extended to the [MOW>~

functionalize other POMs such as hexatungstates using the paren€luster, allowing the synthesis, for the first time, of two arylimido

cluster as the reactant directly have not been succe$siue
have recently reported a reaction protocol which allows the
functionalization of hexamolybdates with aromatic amines under
mild conditions and in high yieldS. In this communication, we
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derivatives of the mixed-metal [MoM®,0]?~ cluster, one of which
carries an additional iodo functional group. With iodo- or ethynyl-
functionalized hexamolybdate clusters readily availdbigis now
possible to construct, rationally, hybrid molecular dumbbells with
two different cluster balls linked by a-conjugated organic rod.

Scheme 1 shows the synthesis and structure of two arylimido
derivatives of [MoWO:g]>~. The tetrabutylammonium salt of
[MoW;504¢]?~ (compoundl) has previously been obtained from
an aqueous solution of MdoO, with an active form of W@

H,O at pH > 62 or by a nonaqueous route involving the
hydrolysis of tungsten alkoxide [WO(OMg)with [BusN]»-
[MoQ,].¢ Both approaches rely on the random assembly of two
metal oxides, and, as expected, unsatisfactory yields are obtained
and pure products are difficult to separate from side products.
We recognized that [MoMD:g>" may be more efficiently
assembled by the combination of a {@fg®~ block with a
[MoO4]?~ block. Such a block assembly approach has previously
been applied for the synthesis of [\d®¢°>~ ** and other
POMs!2|ndeed, we found that [Mo¥D;¢?~ can be prepared

in good yields by refluxing a methanol/acetonitrile (1:2) solution
of [W 100324~ with [BusN]o[M0,0;]. The active [WO,¢]®~ block

and the [MoQ]?~ block were generated in situ by the dissociation
of [W1s03]* and [MaO;]?", respectively. The reaction is
completed in 4-6 h, and analytically pure products can be easily
separated by simple recrystallization from acetone in over 50%
yield.

The reaction of [MoWO10]?>~ with 2,6-dimethylaniline or 2,6-
dimethyl-4-iodoaniline was carried out in acetonitrile. Dicyclo-
hexylcarbodiimide (DCC) (1.5 equiv) was added into the reaction
mixture to facilitate the reactiolt. As expected, the terminal
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Figure 2. UV/vis absorption spectra of [Mfi [W¢], [WsMo], 2a, and
2b.

Table 1. Comparison of Bond Lengths (A) and Bond Angles (deg)
of Selected Bonds

Figure 1. ORTEP representation at the 50% probability level of the la 2a Id 2b

anions2a and2b. Mo—N—C 178.4 178.7 172.8 172.8
. . . Mo—N 1.723 1.705 1.733 1.717

oxygen bonded to the molybdenum is more reactive and is  \jo—oc 2232 2 259 2299 2238

selectively replaced by an aryl imido substituent. Compared to

the hexamolybdate anion, [Mo\@:¢]?~ shows slightly less cluster anions, which are conformational isomers differing by a
reactivity, and the reaction is further complicated by the competing rotation of the aromatic ring relative to the cluster skeleton. For
conversion of [MoWO;¢]?~ to [WgO1]?>~ under the reaction simplicity, only one anion in the asymmetric unit2if is shown
conditions. This conversion, however, is relatively slow and can in Figure 1. As expected, the arylimido ligand bonds to the
be minimized by decreasing the reaction time which can be molybdenum atom on each cluster cage. Compared to their
achieved by adding more than 1 equiv of DCC and the aromatic hexamolybdate analogue®a and 2b have noticeably shorter
amine. By limiting the reaction time to about 12 h, analytically Mo—N bonds and longer MeO* (central oxygen atom inside
pure functionalized mixed-metal PONaand2b can be prepared  the octahedral cage) bonds (Table 1). These results suggest a
in over 50% yield. This result opens a general route for the stronger Me-N triple-bond character i2a and2b than in their
synthesis of organo imido derivatives of less reactive POM corresponding hexamolybdate analogues, which is consistent with

clusters, namely, by replacing one of the inert terminal metal
oxygen bonds with a functionalizable M® bond.
Both compound®a and 2b are soluble in common organic

solvents. Their structures are confirmed by elemental analysis,

the above NMR results.

Figure 2 shows the UV/vis absorption spectra of the tetrabu-
tylammonium salts of [MgD19]?~, [WeO10]?~, [MOWs014]%, 23,
and 2b. The ligand-to-metal charge-transfer (LMCT) band for

spectroscopic measurements, and X-ray single-crystal structure]WgO:g]?~ is at 280 nm, and that for [M®;4]? is at 325 nm.

determination. ThéH NMR spectra of compoundza and2b in
acetoneds show clearly resolved signals, all of which can be

Both bands appear in the absorption of the [Ms@4]?>~ anion.
After functionalization, the lowest energy electronic transition is

unambiguously assigned (see Supporting Information). The continuously bathochromically shifted from parent [Mg@yg]?>~
integration matches well with the desired structure. Compared to anion to2a (346 nm) andb (356 nm), indicating that the MeN

the'H NMR spectra of their corresponding imido derivatives of
hexamolybdaté! the protons o2a and2b, except for those in
the tetrabutylammonium cation, all exhibit higher chemical shifts,
indicating stronger electron-withdrawing power of the Mg
bond in [WsO1sMo(NAr)]%~ than in [MasO1g(NAI)]?".

The molecular structures @a and?2b have been determined
by single-crystal X-ray diffraction and are shown in Figuré 1.
The structures oRa and 2b are isomorphous with the corre-
sponding previously reported hexamolybdate analoguesQhdo
(NA)] la and [MaO1(NArI)] Id, respectively! Both compounds
crystallize in the triclinic space groupl. In the case ofb, the
asymmetric unit contains two crystallographically independent

(15) Summary of crystal structure data for [Bl},-2a triclinic, P1, a =
12.1263(8) Ap = 12.5352(8) Ac = 19.6952(13) Ap. = 107.4000(10),
B = 97.4770(10), y = 100.2830(10), V = 2756.7(3) &R, Z = 2, pcaica
= 2.298 g cm?, 19872 reflections, R 0.0646, wR2= 0.1685.
Summary of crystal structure data for [Bl,-2b: triclinic, P1, a =
12.4733(7) Ap = 18.9703(11) Ac = 25.5648(15) Ap. = 103.6750(10),
B =91.9540(10), y = 99.4630(10), V = 5780.9(6) &, Z = 4, pcaica =
2.336 g cm®, 41944 reflections, RE 0.0589, wR2= 0.1418.

m-bond is delocalized with the organic conjugateelectrons.

In summary, we have successfully synthesized the first two
arylimido derivatives of the mixed-metal hexametalates, one of
which carries an additional iodo functional group. With our
previous demonstration that iodo- or ethynyl-functionalized POMs
can undergo Pd-catalyzed coupling reactibitss now possible
to construct, rationally, hybrid molecular dumbbells with two
different cluster balls linked by @-conjugated organic rod. Work
in this area is in progress at our laboratory.
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