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by a Metal Oxide–Organic Cation Interaction
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Abstract: An a1-Dawson polyanion bearing a lateral side
chain with a 4-aminopyridine end group was synthesized.
This organopolyoxometalate catalyzes the addition of in-
denyl allyl silanes to cinnamoyl fluorides. The polyanionic
framework influences the organocatalyst activity and se-
lectivity. A moderate but nonzero chirality transfer from
the chiral inorganic framework to the organic substrate
was observed.

Electrostatic interactions are widespread in polyoxometalate
(POM) chemistry. Indeed, POMs are polyanionic molecularly de-
fined clusters of early transition metals and oxygen.[1] They are
thus suitable ligands for transition metals,[2] or supports for
active species in heterogeneous catalysis, for example, Lewis
acidic cations[2b, 3] or organic chiral acids.[4] Of particular interest
are the reports by the Neumann group, in which a redox
active POM supports a metal catalyst by electrostatic interac-
tions and leads to cooperative catalysis.[5]

The same features make POM attractive partners for coun-
terion-directed catalysis,[6] for which the potentially increased
electrostatic attraction caused by the high charge of POMs is
an appealing key to modulate reactivity. In addition, the devel-
opment of postfunctionalization methods[7] for preparing com-
plex hybrid structures opens the door to the development of
catalysts, in which an intramolecular anionic effect is provided.

We first became aware of this opportunity when we de-
signed the self-buffering Dawson-gold organohybrid
1 (Figure 1).[8] The cluster of 1 allows us to trap any adventi-
tious proton present in solution, thus avoiding acidic degrada-

tion of the substrates, and to ease recycling of the noble
metal. Interestingly, the conjugate proved superior to other
buffer systems, including its non-tethered equivalent. We at-
tributed this effect to the intramolecular capture and delivery
of protons that are needed for conversion. This showed us for
the first time that the POM surface may actively participate in
counterion-directed reactions.

POM-based catalysis has been almost exclusively driven by
their redox and/or acidic (including Lewis) properties, but new
types of catalysis, for example, basic catalysis has emerged re-
cently.[9] Thus we became interested in using the surface of
organo-POMs to change the selectivity of organocatalytic reac-
tions. We report our findings herein and we show the proof of
concept that chiral information can be transferred from the in-
organic cluster to organic substrates.

We first examined the phosphine-catalyzed Michael addition
of keto-ester 3 onto ethyl acrylate and but-3-en-2-one. The
hybrid phosphine we chose was 2, which was the precursor of
1 in our previous study.[8] The reactions proceeded under con-
ditions that are identical to those with the more common tri-
phenylphosphine, but gave slightly lower yields of the expect-
ed products (Scheme 1).

Figure 1. Structures of the starting organo-POMs.

Scheme 1. Phosphine-catalyzed Michael addition by using an organo-POM.
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The catalyst could be separated easily from the products.
However, in the case of the butenone, the 31P NMR spectrum
of the recovered POM showed that the peak at d=

�19.3 ppm, corresponding to the phosphine on the side
chain, has disappeared (see Figure S4 in the Supporting Infor-
mation). Instead, two new peaks appeared in a 3:1 ratio, in ad-
dition to the two peaks of the Dawson ion. The major signal
was observed at d= 27.8 ppm, and the minor one at d=

30.1 ppm. Mass spectrometry of the isolated material showed
that the latter signal corresponds to the phosphine oxide 5,
derived from 2 (Figure 1), while the former was the signature
of POM 6, in which the phosphonium moiety replaced one
TBA as counterion of the polyanion (Figure 2).

The previous observations were particularly encouraging for
three reasons. Firstly, they showed that organo-POMs are ame-
nable to organocatalysis. Secondly, the catalyst is robust
enough to resist the basic intermediates formed during the re-
action in an organic medium. The organotin-substituted
Dawson structure that is stable only up to pH 7.3 in water[10]

did not decompose in the presence of enolates in acetonitrile.
Lastly, and most importantly, the presence of the POM allowed
the isolation of the phosphonium species 6 formed during the
initiation of the reaction, by preventing its final elimination to
release the phosphine. POMs can act as hydrogen bond ac-
ceptors.[11] So, we believe that the side chain is flexible enough
to fold around the cluster allowing both hydrogen-bonding
from the amide N�H bond and electrostatic interaction from
the quaternary phosphonium with the anionic metal oxide sur-
face.[12] In our view the two stabilizing interactions would pre-
vent the deprotonation necessary for phosphine elimination.

The organocatalyzed [3+2] annulation of allylsilanes and cin-
namoyl fluorides[13] appeared a better-suited benchmark reac-
tion to verify our hypothesis that the POM surface could influ-
ence reactivity. Indeed, the catalyst introduced by the Fu
group is a planar chiral DMAP analogue, which generates a cat-
ionic acyl-pyridinium intermediate 8 a upon addition to acyl-
fluoride 7 a. This pyridinium undergoes a stereoselective conju-
gate addition, eventually leading to the cyclopentane adduct
10 a. The 1,2-addition product 11 a was observed as a minor
product (Figure 3).

Since the acylpyridinium intermediates are reactive species
with no acidic protons, we assumed that tethering them to
the POM would not impair the activity of the catalyst, while
hopefully modifying its reactivity (Figure 4). We selected POM

14 as the catalyst for the following reasons: 1) its structural
similarity to 2 allows the side chain to fold around the cluster;
2) a direct comparison of 14 with 4-dimethylaminopyridine
(DMAP) shows the role of the POM surface; 3) compound 14 is
available in an enantiopure form.[12b] The latter would provide
insight on the challenging concept of chirality transfer from
a chiral metal-oxide surface to organic substrates,[14] which has
never been examined for POMs thus far.

Catalyst 14 was prepared as follows:[15] Oxo-acyl organo-
POM (TBA)6[a1-P2W17O61{SnCH2CH2C(=O)}] 12 was reacted with
amine 13[16] at room temperature, leading to DMAP-hybrid 14
in 91 % yield (Scheme 2). The 13C and 1H NMR spectra showed

the expected signals for the organic moiety. The 1H triplet at
d= 7.49 ppm was characteristic for the NH of the created
amide bond. The two 31P NMR spectroscopic signals at d=

�12.1 and �6.6 ppm (the latter is the sum of a singlet and
a doublet exhibiting a JSn-P coupling constant of J = 176.6 Hz)
indicated the integrity of the POM structure. This was defini-
tively confirmed by ESI-MS, which showed exclusively the ex-
pected signals for this polyanion at m/z : 946.3 (calcd: 946.2)

Figure 2. Structure of the new POM 6.

Figure 3. Organocatalyzed reaction of acyl fluorides with indenyl silanes.

Figure 4. General approach for the organo-POM catalyzed reactions.

Scheme 2. Preparation of catalyst 14.
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for {TBA1H[P2W17C11H16 N3O63]}5�, m/z : 1243.5 (calcd: 1243.6) for
{TBA2H[P2W17C11H16N3O63]}4�, and m/z : 1303.9 (calcd: 1303.9) for
{TBA3[P2W17C11H16N3O63]}4�.

In a typical experiment, silyl-indene 9 was reacted for 22 h
with acryloyl fluoride 7 a in the presence of 10 mol % of
organo-POM 14 at 40 8C in dichloromethane (Table 1, entry 1).

In contrast to the results of the Fu group, however, no [3+2]-
cycloadduct was observed. Instead, 56 % of the direct acylation
product 11 a was isolated as the sole identifiable product.
When DMAP was used as catalyst instead of the organo-POM
14, the reaction failed (11 % of 11 a was obtained, entry 2). In-
creasing the amount of DMAP to 20 mol % resulted in an
equally poor yield (9 %, entry 3). In the absence of any nucleo-
phile, but with a simple organohybrid [P2W17O61Sn-
(CH2)2CO2H]7� the reaction did not proceed (entry 4).

The 1,2-addition proceeded also with electron-rich aromatic
acryloyl fluorides, such as methyl- or methoxy-substituted de-
rivatives 7 b–e, leading to indenes 11 b–e in yields ranging
from 66 to 89 % (Table 1, entries 5–8). A similar outcome was
observed with furyl substrate 7 f (64 % yield of 11 f, entry 10).
In contrast, electron-deficient fluoro-substituted acryloyl fluo-
rides gave complex mixtures (entries 11–12).

The organo-POM catalyst 14 could be recovered in good
yields (>96 %) by precipitation of the crude mixture in Et2O
containing a few drops of ethanol (5 % in volume). The solid
obtained after filtration was treated with a TBA resin. The re-
covered DMAP-hybrid 14 is still catalytically active and does
not show significant loss of activity (Table 1, entry 9).

The results reported above are the first examples of organo-
catalytic reactions catalyzed with an organo-POM. Most inter-

estingly, the POM surface and the pyridine moiety act synergis-
tically, since neither DMAP nor [P2W18O62]6� alone leads to ap-
preciable catalysis. The reactivity is changed compared to Fu’s
ferrocenyl DMAP catalyst, since no [3+2]-cycloaddition was ob-
served.[13]

Both the reactivity and selectivity depend on the combina-
tion of electronic and steric properties of the nucleophilic cata-
lysts. Compared to Fu’s DMAP catalyst, the DMAP-hybrid 14 is
less sterically hindered (like a DMAP), and probably less nucleo-
philic. However, 14 is more reactive compared to DMAP. As it
is unlikely that these effects are due to through-bond electron-
ic influence of the POM, because of the many s bonds separat-
ing the POM from the pyridine, we deduce that the POM sur-
face interacts with the cationic reactive intermediates, which
enhances the catalytic efficiency.

Since the a1-hybrids are available in an enantiopure form,[12b]

we decided to investigate the employment of POMs in asym-
metric counteranion-directed catalysis.[6] Asymmetric catalysis
involving chiral POMs is scarce and no example exists to date
in which the chiral source is the inorganic cluster itself, as op-
posed to the counterions[4, 17] or the organic chains of hybrid
POMs.[18]

The reaction of 7 a in the presence of enantiopure (+)-14
led to 11 a in 50 % yield and a modest 8 % ee determined by
HPLC analysis (Table 1, entry 13; see also the Supporting Infor-
mation, Figure S15). Even if the observed ee is much too low
to qualify 14 as a synthetically useful asymmetric catalyst in
this reaction, it nonetheless establishes the possibility of chiral-
ity transfer from a POM to an organic substrate.[19] We have
previously reported the kinetic resolution of a chiral POM with
peptides.[12b] This is the first example of the reverse path, that
is, the chirality transfer from the inorganic cluster to an organic
molecule.

In conclusion, we report the first example of organocata-
lyzed reactions by an organo-polyoxometalate. In the phos-
phine-catalyzed Michael addition, the POM does not show the
desired turnover because the phosphonium cation interacts
with the POM surface. However a similar interaction is benefi-
cial in the pyridine-catalyzed acylation reaction, where the
hybrid catalyst is more efficient than its two separate compo-
nents. This synergistic effect shows that organo-POMs have
their own specific chemistry. In both cases, reactivity is driven
by interaction of the cationic reactive intermediates with the
POMs. Finally, we established the proof of principle that chirali-
ty on the inorganic structure could be transferred to organic
molecules during reactions, opening the way to use POMs as
chiral anions in asymmetric catalysis.
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Table 1. Organo-POM catalyzed 1,2-additions of allylindenes to acyl fluo-
rides.

Entry[a] Ar, substrate Cat. Product, Yield [%]

1 Ph, 7 a 14 11 a, 56
2 Ph, 7 a DMAP 11 a, 11
3 Ph, 7 a DMAP[a] 11 a, 9
4 Ph, 7 a POMSn(CH2)2CO2H –[b]

5 o-Me-C6H4, 7 b 14 11 b, 66
6 o-OMe-C6H4, 7 c 14 11 c, 76
7 m,m-di(OMe)(C6H3), 7 d 14 11 d, 65
8 o,p-di(OMe)(C6H3), 7 e 14 11 e, 89
9 o,p-di(OMe)(C6H3), 7 e 14[c] 11 e, 76
10 2-furyl, 7 f 14 11 f, 64
11 o-F-C6H4, 7 g 14 –[d]

12 m-F-C6H4, 7 h 14 –[d]

13 Ph, 7 a (+)-14 11 a, 50[e]

[a] 20 mol % of DMAP was used. [b] Only starting material was recovered
by using 10 mol % of TBA6H[a1P2W17O61Sn(CH2)2CO2H]. [c] The reaction
was performed with a recycled catalyst. [d] Complex mixture. [e] ee = 8 %.
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