ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Tetrahedron
Letters

Tetrahedron Letters 48 (2007) 2113-2116

Synthesis of new dithiocarbamate-based organosilanes
for grafting on silica

Stéphanie Goubert-Renaudin,* Raphaél Schneider™ and Alain Walcarius™*

2 Laboratoire de Chimie Physique et Microbiologie pour I’ Environnement, UMR CNRS-UHP 7564, Nancy Université,
405, rue de Vandoeuvre, 54600 Villers-les-Nancy, France
°Laboratoire de Chimie Physique et Microbiologie pour I”Environnement, UMR CNRS-UHP 7564, Nancy Université,
24-30, rue Lionnois, BP 80403, 54001 Nancy, France

Received 13 December 2006; revised 22 January 2007; accepted 23 January 2007
Available online 27 January 2007

Abstract—A new and mild method was developed for the chemoselective conversion of mono-, bis- and tris-aminosiloxanes into
their corresponding mono-, bis- and tris-dithiocarbamates, using alkaline hydrides and carbon disulfide in THF. Enhanced scaveng-
ing capacity towards mercury ions was observed when these compounds were grafted on silica compared to amine-functionalized

silicas or to commercial resins bearing dithiocarbamate moieties.

© 2007 Elsevier Ltd. All rights reserved.

Dithiocarbamates are bifunctional ligands which have
received a great deal of attention due to their wide use
as agrochemicals,! pharmaceuticals,? intermediates in
organic synthesis,? as protecting group in peptide syn-
thesis* or as chelators in material chemistry.’

A few efficient and safe methods for the synthesis of
dithiocarbamate derivatives with different substitution
patterns at the thiol chain have recently been reported
in the literature.® However, the simple addition of an
amine to carbon disulfide to form dithiocarbamate salts
is generally conducted under harsh conditions (use of
strong basic conditions, high reaction temperatures and
long reaction times) to isolate the desired compounds
in good yields.” Alternative mild methods have been
developed but require toxic reagents such as bis(tributyl-
tin)oxide.®1¢2¢ It is also noteworthy that most of these
reactions are generally conducted with secondary
amines, which are more nucleophilic than primary ones.
In our research programme towards dithiocarbamate
modified aminosilanes for the preparation of polymeric
materials possessing specific physico-chemical proper-
ties, a simple and high-yielding preparative procedure
was required to convert aminotrialkoxysilanes into their
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corresponding dithiocarbamates. Strong and nucleo-
philic bases like sodium or potassium hydroxide, which
are generally used to promote the formation of dithiocar-
bamate salts from amines and carbon disulfide,” are
incompatible with the siloxane moiety and yield hydroly-
sis and/or degradation products. Transformation of
aminosiloxanes into dithiocarbamates has only been
reported one time in the literature using alkoxides or
triethylamine as base.” However, in our hands, these
methods suffered from several drawbacks as incomplete
conversion of the starting aminosiloxane using Et3N,
even after extended reaction times, or undesired attack
of the alkoxide on the trialkoxysilane moiety. In this Let-
ter, we report the rapid and clean conversion of mono-,
bis- and tris-aminosiloxanes into their corresponding
mono-, bis- and tris-dithiocarbamates using alkaline
hydrides in THF. We also show that scavenging activity
of silica surfaces modified with compound 4a is excellent.

To understand the underlying mechanisms and to
improve reaction yields, we have investigated several
reaction parameters to convert 3-aminopropyltrimeth-
oxysilane 1 into its dithiocarbamate derivative 2
(Scheme 1) and we have found that the reaction was sen-
sitive to the amount of carbon disulfide, base and
solvent.

Among the inorganic and organic bases tested here
(i.e., NaH, K;PO4, MeONa, EtONa, -BuONa and
Et;N), NaH and ~-BuONa were the most effective ones.
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Scheme 1.

Incomplete conversion was observed with K3POy,
MeONa, EtONa and Et3N giving 25%, 80%, 92% and
61% of product, respectively, even after extended
reaction times. Moreover, alkoxy group exchange was
observed (up to 25%) when EtONa was used for the
transformation of 1. This side reaction was not observed
using the sterically hindered 7-BuONa alkoxide. We
have then further optimized the reaction conditions
using NaH or #-BuONa and we found that good yields
of 2 (91-97%) could be attained using a CS,/1 molar
ratio of 1.5/1. Among the screened solvents, the best
results were obtained in THF. Temperature also had
an influence on the reaction yield. Complete conversion
of 1 can be achieved by adding simultaneously 1 and
carbon disulfide to NaH or -BuONa at 0 °C, followed
by heating to 65 °C for 2 h. Lowering the reaction tem-
perature to 25 °C resulted in a decrease of the reaction
yield to only 47%. Under these optimized conditions,
dithiocarbamate 2 was isolated in a quantitative yield.
Using -BuONa instead of sodium hydride did not offer
any advantage in terms of production yield. Subsequent
studies were thus performed with hydrides.

We have then examined the influence of the metal
hydride in the same reaction, and it was found that
lithium and potassium hydride promoted the addition
of 3-aminopropyltrimethoxysilane 1 to carbon disulfide
to give the corresponding dithiocarbamates in 99% yield
(Table 1, entries a and c).

Under the optimized conditions, a brief study of the
scope of the reaction was undertaken with various

Table 1. Dithiocarbamation of mono-, bis- and tris-aminosilanes®

commercially available mono-, bis- and tris-aminosilox-
anes;'? the results are summarized in Table 1. They dem-
onstrate that the use of alkaline hydrides in THF
between 0 and 65 °C is a very simple and convenient
method for the synthesis of dithiocarbamate-functional-
ized aminosiloxanes. Using 1, 3, 5 or 7 as starting mate-
rials, the conversion was complete at 65 °C within 2 h
and products 2, 4, 6 and 8 were obtained in excellent
yields. It is noteworthy that selective monodithiocarba-
mation of N-[3-(trimethoxysilyl)propyl] ethylenediamine
5 could not be achieved with 1.0 equiv of carbon disul-
fide. Using sodium hydride as a base, 'H NMR showed
that complex mixtures containing the starting diamine,
6b and monodithiocarbamation products were obtained.
The cyclic urea arising from nucleophilic attack of a
nitrogen atom on the intermediate monodithiocarba-
mate has however never been detected under our exper-
imental conditions when starting from 5. All the
synthesized compounds 2, 4, 6 and 8 were obtained as
yellow solids and were characterized by 'H and "*C
NMR spectroscopies, FT-IR, and elemental analyses.
Dithiocarbamates 2, 4, 6 and 8 were soluble in DMSO,
alcohols and THF at room temperature and in hot tolu-
ene. No carbon disulfide loss or isothiocyanate forma-
tion was observed when these compounds were heated
in refluxing THF or toluene for 15 h.!!

To demonstrate the usefulness of such dithiocarbamate-
functionalized organosilanes when used to prepare sil-
ica-based adsorbents, a silica gel sample was grafted
with compound 4a and the binding properties of the
resulting organosilica towards Hg(II) species were eval-
uated and compared to the corresponding amine-func-
tionalized silica gel as well as to a commercially
available resin bearing dithiocarbamate moieties (Sumi-
chelate Q10R).

Two-step syntheses of dithiocarbamate-functionalized
silicas have already been described in the literature:
(i) grafting of aminosiloxane 1 onto the silica surface,

Entry Aminosilane MH Products Product (yield, %)®
a LiH s 2a, 99
Me0)3Si” > NH ©
b ( )3 1 2 NaH (MeO)BSi/\/\NkS M @ Zb, 97
c KH H 2¢, 99
d LiH s 4a, 98
EtO);Si”™>""NH o ® ’
€ ( )3 3 2 NaH (Eto)asl/\/\NkS M 4b, 95
f KH H 4c, 98
. H o e
g . NH LiH o~~~ N_S~ M 6a, 99
h (MeO)osi N~ NHe NaH Mo~ N o % 6b, 96
i 5 KH v 6¢c, 95
®
j SN LiH s o 8a, 98
k (MeO)5Si N NH NaH Y2 s o 8b, 98
1 7 KH (MeO)si™>"N>NN" s 8¢, 96
s*smM® H M

#The reactions of 1 or 3 (10 mmol) with CS, in the presence of MH (12 mmol) were carried out in THF (20 mL) between 0 and 65 °C. Dithio-
carbamation of 5 (10 mmol) was performed with MH (24 mmol) and CS, (30 mmol). Dithiocarbamation of 7 (10 mmol) was performed with MH

(36 mmol) and CS; (45 mmol).
®Isolated yields.
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(i1) reaction of the aminopropyl-grafted solid with
carbon disulfide.!? It is worth noting that the nucleo-
philic addition of the amine groups on CS, was incom-
plete when made in the absence of alkaline catalyst,'?®
the use of this latter (though applied!?**9) being not
recommended because of the poor chemical stability of
the silica network in alkaline medium.!? Incomplete
reaction with carbon disulfide was also reported for
aminated resins.!* Here, grafting silica gel with com-
pound 4a was successful, providing a dithiocarbamate-
functionalized material in one step, free of remaining
amine groups, as demonstrated by IR spectroscopy
and solid-state '*C NMR experiments. Figure 1 shows
the extraction capabilities of the silica gel-immobilized-
dithiocarbamate derivative for Hg(II), measured as a
function of time from a 0.1 mM Hg(NOs;), solution at
pHS5 to which the adsorbent was added at 80 or
160 mg L' (see curves ‘a’ and ‘b’). The data indicate
that the rate of the extraction process and the uptake
yield are very similar to those attained with the dithio-
carbamate-functionalized Sumichelate QI0R resin (see
curves ‘¢’ and ‘d’). This points out thereby to the effec-
tiveness of the organosilica sorbent. This latter was even
more efficient than the resin (compare curves ‘b’ and
‘d’), leading to a slightly higher metal ion capacity
(0.70 mmol g~ ! for organosilica and 0.65 mmol g ' for
the resin) in spite of its lower content in chelating groups
(1.15mmol g for organosilica and 1.25 mmol g~' for
the resin). The utility of the dithiocarbamate-functional-
ized organosilane precursor was further confirmed by
the very low extraction capacity of the aminopropyl-
grafted silica sample (see curve ‘e’), despite being present
in a larger amount in the medium (390 mg L_l), illus-
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Figure 1. Extraction of Hg(II) as a function of time for dithiocarba-
mate-grafted silica gel (a,b), Sumichelate QI10R (c,d), or aminopropyl-
grafted silica gel (¢). Experiments were made from 200 mL of solution
containing 1 x 107* M Hg(NOs), at pH 5 to which selected amounts of
the powdered adsorbents were added: 16 mg (a,c); 32 mg (b,d); 78 mg
(e).

trating the enhanced chelating properties of the immobi-
lized ligand in the form of dithiocarbamate. This new
class of materials thus looks promising not only for
remediation purposes but also for other kind of applica-
tions requiring selective recognition properties (as, e.g.,
Hg(II) sensing subsequent to preconcentration at modi-
fied electrodes!?).

In conclusion, we have developed in this study a new
procedure for the efficient synthesis of dithiocarbamate
derivatives from aminosiloxanes, carbon disulfide and
alkaline hydrides in THF. The synthetic procedure is
generally applicable to a wide range of aminosiloxanes
and allows the preparation of mono-, bis- and tris-
dithiocarbamates in excellent yields. Silica grafted with
compound 4a shows enhanced binding properties
towards Hg(II) species compared to amine-modified
silica or commercial resin bearing dithiocarbamate
moieties. The present protocol should thus facilitate
the further exploitation of this unique class of dithio-
carbamate-based silanes for the preparation of new
types of scavenging materials, and should open the
way of getting highly efficient mercury adsorbents based
on dithiocarbamate-functionalized mesoporous silicas
prepared in one step by the sol-gel process, as reported
for other organic—inorganic hybrid materials.'®
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