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COCHO-modified oxides nanoparticles by using phosphonic acid
as grafting agent
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Abstract—The synthesis of phosphonic acid 4 possessing a protected COCHO group, by using the Heck reaction is described.
After grafting of the phosphonic acid 4 on metal oxides Al2O3, TiO2 or SnO2, the cleavage of the dithiane group was successful.
The reactivity of the supported-COCHO group was examined by using model reactions with hydroxylamine and hydrazine
derivatives.
© 2003 Elsevier Ltd. All rights reserved.

The use of phosphonic acids for the preparation or
modification of metal oxide-based materials has grown
a lot in the last decades.1 In particular, the grafting of
functionalized phosphonic acids1a,b onto metal oxides
particles has been described in fields such as modified
electrodes,1c electron-transfert devices,1d catalysis,1e and
biomaterials.1f In this context, we were interested in the
preparation of a phosphonic acid possessing a pro-
tected �-oxoaldehyde (COCHO) function, to anchor
the COCHO function onto oxide nanoparticles. Indeed,
the reactivity of this function is specific and stable
�-oxo-hydrazone or �-oxo-oximes bonds are formed by
fast reaction with hydrazine or hydroxylamine groups,
respectively.2 Sophisticated macromolecules such as
peptide dendrimers have been synthesized in solution
by using this ligation procedure.2b However, despite

important studies of the COCHO function related in
solution, solid supports with the COCHO function
have only been scarcely elaborated.3 We present here
the synthesis of COCHO functionalized oxide nanopar-
ticles and the investigation of the reactivity at the
surface of the particles.

For the synthesis of phosphonic acid 4, we have chosen
the methodology developed by Badet,4 with the
COCHO function protected as a thioacetal group.
Reaction of diisopropylthioacetic acid 3,4-dihydro-4-
oxo-1,2,3-benzotriazin-3-yl-ester with para iodoaniline
led to intermediate 2 which was cross-coupled with
phosphonic acid 35 in quantitative conversion by using
Heck’s reaction6 with Pd(OAc)2 as catalyst (Scheme 1).
Diacid 4 was obtained9 after cationic exchange with
Dowex resin, but this exchange was not necessary for
the next step.

We thus performed the grafting reaction of the triethyl-
ammonium disalt of phosphonic acid 4 on the surface
of metal oxides, in order to investigate the properties of
the new hybrid organic–inorganic materials thus pre-
pared. We used three types of particle oxides: TiO2 P25
Degussa (particle size 21 nm), SnO2 Merck (particle size
20 nm), Al2O3 C Degussa (particle size 13 nm) (Scheme
2).

The particles were refluxed with the triethylammonium
disalt of phosphonic acid 4 in MeCN for 3 days, filtered
and thoroughly washed with MeCN, then dried at
100°C for 8 h. An excess of acid was used to ensure
total coverage of the particle surfaces. The solids

Scheme 1. Synthesis of functionalized phosphonic acid 4.
Reagents and conditions : (i) Et3N, CH2Cl2, rt, 4 h; (ii) a. 2,
Pd(OAc)2 (6 mol%), 6 equiv. Et3N, CH3CN, 115°C, 24 h.
Sealed tube; b. Dowex, MeOH/H2O.
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obtained were analyzed using elemental analysis, energy
dispersive X-rays analysis (EDX), FTIR, solid-state 13C
and 31P NMR spectroscopy. EDX showed the presence
of P and S in all the samples indicating the presence of
the molecule at the surface of the particles. No varia-
tion of the P/MxOy ratio was observed from one exper-
iment to another on the same sample, which showed
that the solids were homogeneous at a micrometric
scale. Microanalysis showed P/MxOy ratio of 3.1%,
2.2%, 1% for Al2O3, TiO2, SnO2, respectively. These
ratios are characteristic of a monolayer coverage of 4 at
the surface of the oxide particles.1a–c Solid-state
HPDECMAS 31P NMR showed one signal centered at
16.3, 21.5 and 20.1 ppm respectively. The peaks at half
maximum have been enlarged to 15 ppm. These data
indicate that the phosphonic group has reacted at the
surface of the oxide with formation of P�O–metal
bonds.1a–c The phosphorus atom has different environ-
ments on the surface of the oxide because of different
coordination modes; one two or three P�O�metal
bonds are likely to be involved in the anchoring at the
surface. CPMAS 13C NMR, showed signals centered at
168 ppm (C�O), 128 ppm (Ar and C�C), 52 ppm
(S�CH�S), 35 ppm (S�CH) and (CH2P), 23 ppm (Me).
Note that (C�O) and (S�CH�S) were difficult to detect.
FT IR showed signals at 3450 (� M�OH), 2964–2954 (�
CH), 2920–2910 (� CH), 1661–1654 (� C=O) 1597–
1594 (� NH) 1517–1515 (� C�C). These data confirmed
the presence of the carbon chain (Scheme 3).

The cleavage of the dithiane function was next exam-
ined. The materials were treated with N-bromosuccin-
imide in aqueous CH3CN. No modification of the
HPDECMAS 31P NMR signals were observed indicat-
ing that the phosphonic acid was still grafted at the
surface of the oxide. CPMAS 13C NMR showed signals
at 129 ppm (Ar and C�C), and 35 ppm (CH2P). Signals
of the dithiane function were not present any more.
IRFT showed an important diminution of the signals at
2960–2910 cm−1, signals at 1654 cm−1 and 1600 cm−1

were enlarged and overlapped each other. These data
confirmed that the cleavage of the dithiane function
was efficient.

The reactivity of the supported-COCHO function was
then tested with NH2OH and 3-methyl-2-benzothiazoli-
none hydrazone hydrochloride (MBTH), a reagent
known to give a detectable adduct with aldehydes.7

Unfortunately, IRFT and NMR techniques in the solid
state were not sensitive enough to definitively confirm
the formation of the imine bond, due to the low content
of the COCHO function on the solid. We then turned
to fluorescence spectroscopy to detect the adduct of
MBTH with Al2O3COCHO and TiO2COCHO (Fig. 1).

Fluorescence was easier to performed on Al2O3 than
TiO2, due to partial quenching of the fluorescence by
TiO2.8 The stilbene unit of TiO2COCHO was difficult
to observe. Nevertheless, after reaction with MBTH,
the fluorescence signal was enhanced and shifted to the
red for both oxides (Fig. 1). This fluorescence behavior
suggests the presence of a new conjugated chromophore
and thus, the covalent attachment of MBTH at the

Scheme 2. Grafting of functionalized phosphonic acid 4.
Reagents and conditions : (i) CH3CN, 80°C.

Scheme 3. Reactivity of the COCHO function at the surface.
Reagents and conditions: (i) NBS, CH3CN, H2O, rt; (ii)
MBTH, Phosphate buffer pH=7, EtOH.

Figure 1. Fluorescence of Al2O3COCHO, Al2O3MBTH,
TiO2COCHO, TiO2MBTH.

surface of the materials through the formation of �-
oxohydrazone bond.

In conclusion, we have shown that the Heck reaction is
efficient in the synthesis of compound 4, which pos-
sesses a phosphonic acid and a dithioacetal-protected
COCHO groups. Compound 4 has formed an organic
monolayer at the surface of metal oxides, and the
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COCHO group was successfully deprotected. Its reac-
tivity was investigated. Further developments of these
compounds particularly in the field of biomaterials are
in progress.
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