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N, N-Dialkylcarbamato complexes as precursors for the chemical
implantation of metal cations on a silica support. Part I. Tin
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Abstract

Chemical implantation of tin on a commercial silica has been carried out by using the hydrocarbon soluble Sn(O,CN'Pr,),

as precursor, the N,N-dialkylcarbamato group is chemically displaced by the silanol groups of the support under mild
conditions.
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1. Introduction heterogeneous polymerization catalyst; (b) reac-
tion of organometallic precursors such as
rhodium(I11) allyls [2], zirconium(IV) alkyls [3],
or alkyls of Group 14, namely germanium(IV)
[4] and tin(IV) [5], with the Bregnsted acidic sites
of silica or other oxide supports; (c) nucle-
ophilic attack of surface hydroxyl groups (espe-
cially on magnesia) on metal carbonyl clusters
[6]; (d) oxidative addition of surface hydroxyls
to metal carbonyls [7]; (e) proton transfer from a
metal hydride to a basic oxide [8], whose
molecular model is the proton transfer from
CoH(CO), to a tertiary amine [9]; (f) reaction of
an organometallic hydroxo derivative with the

" Corresponding author. silanol groups [10]; (g) thermolysis of

One of the current interests in inorganic
chemistry is the rational synthesis of oxide ma-
trices appropriately doped or functionalized, to
be used, for example, as highly selective hetero-
geneous catalysts.

Chemical implantation of catalytically active
metal centres on oxide surfaces can be carried
out by several methods: (a) reaction of
organometallic precursors with the Lewis acidic
sites of the support, e.g. zirconium(IV) alkyls
with dehydroxylated alumina [1] resulting in a
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organometallic or coordination compounds [11],
such as metal alkoxides [11](c). Work on model
compounds has been carried out to clarify the
nature of the metal sites on oxide surfaces [12].

2. Results and discussion

N, N-Dialkylcarbamato complexes of main
Group and transition elements [13] of formula
[M(O,CNR ), ], are reactive towards even weak
acids such as MeCOOH [14](a) or acetylacetone
[14](b), yielding carbon dioxide evolution and
formation of the corresponding metal complex.
Moreover, N, N-dialkylcarbamates undergo con-
trolled hydrolysis, forming u-oxo-carbamato
complexes [15]. We have found that N,N-dial-
kylcarbamates react with the silanol groups of
silica, whose Brgnsted acidity has been deter-
mined by several methods [16]. This paper re-
ports our work on the reaction of commercial
amorphous silica with N, N-dialkylcarbamato
complexes of tin(IV): the choice of tin is justi-
fied by the possibility in the case of tin (Z = 50)
to carry out large-angle X-ray scattering (LAXS)
measurements of expectedly satisfactory accu-
racy on the product of the surface reaction [17].

The tin(IV) N, N-dialkylcarbamato com-
plexes were prepared in good yields (90-95%)
by the well-established procedure [12] consist-
ing of treating the anhydrous metal chloride
with the R,NH/CO, system in toluene as
medium, according to Eq. 1.

SnCl, + 8R,NH + 4CO, — Sn(O,CNR,),
+ 4[R,NH,]Cl

(1
(R =Et,'Pr)
The colourless compounds were characterized
analytically, spectroscopically and by X-ray sin-
gle crystal diffractometry in the case of
Sn(O,CN'Pr,),. This is a mononuclear com-
pound with octacoordinate tin(IV) in a slightly

distorted dodecahedral geometry.
Treatment of a toluene solution of the iso-
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Fig. 1. CP/MAS "*C NMR spectrum of the product of the

reaction of Sm(O,CN'Pr,), with the silica surface. See text for
experimental conditions.

propyl tin(IV) derivative with commercial silica
led to carbon dioxide evolution in a CO,/Sn
molar ratio of about 1.5, thus suggesting that
residual carbamato groups are present around
the surface-bound tin; the tin-containing silica,
after filtration and drying in vacuo at room
temperature, was characterized analytically,
spectroscopically (IR) and by XPS, LAXS and
CP/MAS C NMR measurements. Treatment
of the tin-containing silica, suspended in the
mother liquid, with acetic acid led to the evolu-
tion of additional 2.4 mol of CO, per mol of
tin. The presence of tin-bonded carbamato
groups has been confirmed by CP/MAS "“C
NMR spectroscopy, showing resonances at 19.1,
47.3 and 164.9 ppm, due to methyl, methine
and carbamato carbons, respectively (Fig. 1).
The ’C NMR data for the parent molecular
complex in CDCl, are similar, see Experimen-
tal. As [NH.Pr,] Cl shows >’C NMR peaks in
CD,Cl, solution at 19.4 and 47.7 ppm, the
CP/MAS spectra are not able to distinguish the
contribution of silica-bonded iso-propyl groups
in =Si0O~ [NH,Pr,]* from carbamato iso-pro-
pyl groups. XPS spectra gave a binding energy
for Sn of 487.0 eV, to be compared with a value
of 486.4 eV for SnO,, thus confirming the
oxidation state IV, and the oxygen ligand envi-
ronment for tin. Furthermore, LAXS measure-
ments gave the results summarized in Fig. 2,
showing the difference radial distribution func-
tion for a sample of tin containing silica: the
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Fig. 2. LAXS spectra of tin(IV) on amorphous silica (3.2% of tin
by weight). Difference radial distribution function (el* AU 10Y
vs. bond distance (A): expansion of the peak at about 2 A with the
fitting for coordination numbers from 4 to 8.

best fit of the data is for a model with four-co-
ordinate tetrahedral tin.

The tin implantation on silica can therefore
be represented as shown in the idealized model
of Fig. 3 for a tin atom coordinated to a surface
silanolato group, the amine occupying a second
silanol site. This is believed to represent the
bonding situation in the primary reaction of a
single silanol site with the tin complex, the
amine produced in the reaction being trapped by
another silanol group. As the gas-volumetric
data show that 2.5 [O,CN'Pr,] groups are re-
tained on tin, the availability of a second silanol
group to carry out further electrophilic attack
has about 50% probability. Of course, further

e
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exposure of the surface to moisture, as it un-
avoidably occurs during XPS and LAXS mea-
surements, may further alter the tin coordination
environment converting it to Sn—OH or Sn-0O-
Sn groups, due to hydrolysis of at least part of
the residual carbamato groups.

In view of these results, a new alternative
method has become available for the chemical
implantation of main Group- and transition-
metal cations on oxide supports under mild
conditions, the thermodynamic driving force for
the reaction being largely provided by the evo-
lution of carbon dioxide. Work is in progress to
verify the generality of this new method to other
metal cations. Application of these systems to
heterogeneous catalysis is anticipated.

3. Experimental section

All the operations were carried out by the
conventional Schlenk tube technique under a
dinitrogen or carbon dioxide atmosphere. Sol-
vents and reagents were carefully dried before
use by conventional methods. Silica (Crosfield
EP17, surface area 320 m* g~ ', pore volume
1.6 cm® g~ ') was pretreated at 160°C in vacuo
for 16 h before use and sealed in vials under an
atmosphere of carbon dioxide. 'H, C and '’Sn
NMR spectra were measured with a Bruker WP

o
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Fig. 3. A simplified model of the primary reaction of Sn(O,CN'Pr,),, Sn(cbm),, with the surface silanol groups.
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200 instrument on solution of the tin precursor.
The XPS measurements have been carried out
with a Perkin Elmer PHI 5500 ESCA system;
the instrument was equipped with a monochro-
matic X-ray source (Al-Ka radiation, hv=
1486.7 eV ) on powdered samples pressed be-
tween polished indium foils; the diameter of the
sample area explored was about 400 um and
the residual pressure inside the analysis cham-
ber was 107® Pa. The LAXS data were col-
lected with a non-commercial instrument [18],
consisting of a white X-ray beam source and a
germanium solid-state detector connected to a
multichannel analyzer. The cross-
polarization /magic angle spinning (CP/MAS)
®C NMR spectra were measured at room tem-
perature on a MSL 200 Bruker instrument, op-
erating at 50.321 MHz. The following condi-
tions were adopted. Irradiating field, 50 kHz;
spinning rate, 5 kHz; contact time, 5 ms; se-
quence recycle time, 4 s; number of transients,
12800; spectral width, 20 kHz; time domain
points, 512. Chemical shifts are referred to ex-
ternal TMS.

The iso-propyl complex Sn(O,CNPr,), was
prepared by the following procedure. Anhy-
drous tin(IV) chloride (4.0 ml, 8.9 g, 34.2 mmol)
and di-iso-propylamine (50.0 ml, 35.8 g, 354
mmol) in toluene (400 ml) were treated with
carbon dioxide at atmospheric pressure at room
temperature and the resulting mixture was stirred
for about 12 h. After elimination of di-iso-pro-
pyl ammonium chloride by filtration, the solu-
tion was evaporated to dryness and the resulting
colourless solid was recrystallized from heptane
(78% yield). 'H NMR (CDCl,; 8, ppm, TMS):
1.2 (doublet), 3.9 (septet); >C NMR (CDCl;
8, ppm, TMS): 20.6, 46.9, 164.4, attributed to
the methyl, methine and carbamato carbons,
respectively, on the basis of the earlier findings
on the isostructural compounds of Group 4 met-
als [13}(d), and on the silicon derivative [13](e).
'"Sn NMR (CDCl;; 8, ppm, TMSn): —920.8.
The X-ray crystal structure determination of
Sn(0,CN'Pr,), was carried out at room temper-
ature with a Siemens AED single-crystal

diffractometer with Mo-Ka radiation (A=
0.71069 A). Crystal data: C,gH (N,04Sn, MW
= 695.5, monoclinic, space group P2,/c; a=
12.671(2), b =22.080(5), c=14.681(3) A, B
=11329(1)°, Z=4. D,=1224 g cm™’,
F(000) = 1464, u(Mo-Ka)=7.21 cm™'. The
unit cell parameters were determined on the
basis of a least-squares analysis of the angular
settings of 28 intense reflections. Intensities in
the range ¥-20 scan mode for one quadrant
(+h, +k, £1) of data. The 3315 unique reflec-
tions (I > 20 (1)) were retained out of a total of
7205 measured reflections. The structure was
solved by a combination of Patterson and Fourier
techniques [19]. Refinement was by full-matrix
least-squares techniques based on F, assuming
anisotropic thermal parameters for all non-hy-
drogen atoms and isotropic ones for hydrogens
(R=0.0361, R, =0.0457 for 504 variables).
The eight oxygen donor atoms form an elon-
gated tetrahedron (Sn—0, 2.193(4)-2.218(4) A)
and a flattened (Sn-0O, 2.123(4)-2.139(5) A)
one. The Sn-O distances are to be compared
with the 2.13-2.29 A range found in the acetate
Sn(0,CMe), [200] and with the Sn—O distance
(av.) of 2.053 A in SnO, [21].

The corresponding diethyl derivative was
prepared similarly (96% yield). Tin implanta-
tion on silica was carried out by the following
procedure. Commercial silica (4.57 g, corre-
sponding to 2.78 mmol of silanol groups per
gram) was added to a toluene (100 ml) solution
of the di-iso-propyl tin(IV) derivative (1.07 g,
1.54 mmol) in a 500 ml flask and the mixture
was stirred at room temperature for 2 h, occa-
sionally reducing the partial pressure of carbon
dioxide inside the reactor. After being recovered
by filtration, the tin-containing silica was dried
in vacuo for 24 h (4.88 g) and gave the follow-
ing analytical results (%): Sn, 3.2, CO,, 1.8,
corresponding to a CO,/Sn molar ratio of 1.5,
and to an implantation yield of 84%, based on
the tin content. In a gas-volumetric experiment,
a toluene suspension of the silica, presaturated
with carbon dioxide, was treated with the tin(IV)
complex at 20 + 0.1°C: the carbon dioxide evo-
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lution corresponded to a CO,/Sn molar ratio of
L.5.
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