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The design and synthesis of a new linker unit that will
enable uniform and robust immobilization of organic functional
molecules onto silica supports is described. This linker unit
works as a rigid scaffold to prevent grafted organic functional
moieties from leaving the support.

Hybrid organic—inorganic materials in which organic func-
tional molecules are bound to the surface of silica have been
utilized or expected to be applied in various fields, including
packing materials for chromatography, chiral selectors, adsorb-
ents, chemical sensors, and immobilized catalysts.! For increas-
ed stability or lifetime of these materials, strengthening the bond
between organic functional groups and silica is important, as
well as improving the durability of silica supports and prevent-
ing the degradation or deterioration of the organic moieties.
However, the methodology for covalently binding organic
functional groups to silica is mostly limited to the use of
silylating reagents such as trialkoxysilanes and trichlorosilanes.

For example, the immobilization of metal complex catalysts
via linkers such as a trimethylene chain on silica supports is a
promising strategy to facilitate the separation of catalysts from
reaction mixtures as well as for catalyst recycling,” whereas the
elimination of metal fragments from immobilized ligands and
cleavage of the bond between the ligand and support cause
leaching of metal and/or ligand.> Employing ligands with a
strong s-donating ability* or chelating ligands® effectively
resolves the former problem. On the other hand, few attempts
have been made to design an organic linker for fortifying
ligand—support bonds.

The covalent anchoring of organic functional groups onto
silica via condensation of trialkoxysilanes with surface silanol
groups permits linkage through three siloxane bridges in
principle. However, depending on the silanol density, monop-
odal and/or bipodal anchoring becomes predominant® (vide
infra). Moreover, the residual alkoxy group occasionally reacts
with unreacted trialkoxysilanes to generate complicated species
on silica.” We hypothesized that tripodal anchoring would be
realized if a silylating agent could be designed such that the Si-
O-Si linkage can be formed at three independent silicon atoms.
Herein we report the design and synthesis of a new linker unit,
which can be tightly bound to silica by condensation of up to
three allylsilyl® or alkoxysilyl groups in the linker with silanol
groups. This new linker unit works as a rigid scaffold to prevent
grafted organic functional moieties from leaving the support.

The linker compound containing three allylsilyl moieties
(1a) was easily prepared in a one-pot process by iridium-
catalyzed hydrosilylation of triallyl(3-bromopropyl)silane with
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Scheme 1. Synthesis and grafting on silica surface of tripodal
linker compounds.

dimethylchlorosilane and subsequent treatment of the resulting
tris(dimethylchlorosilyl) compound with an allyl Grignard
reagent. Additionally, a linker containing three isopropoxy
groups (1b) was prepared using isopropanol and triethylamine
instead of Grignard reagent in the second step (1b) (Scheme 1).
It should be noted that not only 1a but also 1b could be easily
purified by silica gel column chromatography at room temper-
ature without any decomposition. In contrast to the most
commonly used trimethoxy- or triethoxysilanes which are easily
hydrolyzed and subsequently condensed to the corresponding
siloxane compound,® 1b was relatively stable under hydrolytic
conditions.

The reaction of 1a or 1b with FSM-type ordered meso-
porous silica (TMPS-4)° in heptane at reflux for 24h gave
bromopropyl-modified silica 2 (hereafter 2 refers to 2a and 2b
derived from 1a and 1b, respectively). The amounts of organic
moieties of 2a and 2b determined by elemental analysis of
carbon were 0.33 and 0.38 mmol g~!, respectively.'® Figure 1A
shows the 2°Si CP/MASNMR spectrum of modified silica 2b.
The two signals at 2 and 14 ppm corresponded to one tetraalkyl-
coordinated silicon and three trialkylmonooxygen-coordinated
silicon atoms in 2b, respectively,'' clearly demonstrating that, as
expected, 1b is grafted onto the silica surface via three covalent
Si-0O-Si bonds. '3C CP/MASNMR spectroscopy further con-
firmed the successful grafting of 1b. The chemical shifts
observed in the '*C CP/MASNMR spectrum of 2b agreed well
with those in the '3*C NMR spectrum of 1b in CDCl; except the
signals of the leaving isopropoxy groups disappeared in the CP/
MASNMR spectrum (Figures 1B and 1C). Modified silica 2a
gave 2°Si and '*C CP/MASNMR spectra similar to Figures 1A
and 1B (see Supporting Information).'> These observations
indicate that the proposed structure of 2 is reasonable. Thus, we
successfully grafted linker compounds containing a bromopro-
pyl group onto a silica surface in a well-defined uniform manner.

Stability tests were used to confirm the effectiveness of the
present linker unit in minimizing leaching of organic moieties
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Figure 1. (A) 2°SiCP/MASNMR spectrum of 2b; (B) *C
CP/MASNMR spectrum of 2b; and (C) '3*CNMR spectrum of
1b in CDCl;.
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from a silica support. For comparison, we prepared chloropropyl-
modified silica 3, which involved one Si—-O-Si bond, and
modified silica 4 using conventional trialkoxysilane. A 2°Si CP/
MASNMR spectroscopic examination of the distribution of the
species bound via one, two, or three siloxane bridges to silica
(T', T2, and T?) in 4 revealed that T is the major species (see
Supporting Information).!? Stability tests were performed by
treating modified silica with water at 80 °C for 48 h and then
quantifying the remaining organic moieties on silica using carbon
elemental analysis. Table 1 summarizes the results. About half
the organic moieties were lost for 3 and 4 by water treatment. In
contrast, only 6% of 2a leached. This difference was further
corroborated by the 2°Si CP/MASNMR spectra of 2a and 4
before and after water treatment. The 2°Si CP/MASNMR
spectrum of 4 after water treatment showed total disappearance
of the T! peak and decrease of the T? peak. In contrast, no
significant changes in the 2°Si CP/MASNMR peaks in the
organosilane region of 2a were observed before and after water
treatment (see Supporting Information).'? These results indicate
that grafting of the present linker unit via three isolated Si—-O-Si
bonds is highly stable even under severe hydrolytic conditions.*®

In summary, we have developed a new linker unit that will
enable uniform and robust immobilization of organic functional
molecules onto silica supports. Various functional groups can be

Chem. Lett. 2010, 39, 402-403

© 2010 The Chemical Society of Japan

403

Table 1. Data for the leaching of linkers from the silica support

Modified SiO, Immobilized organic group  Remained organic group  Leaching
after water treatment 1%
Loading Organic moiety on Loading Organic moiety on
/mmol g™' 1gofSiOy/g /mmolg™" 1gof SiOy/g
2a 0.33 0.17 0.31 0.16 6
Me Me 8
Cl Si—O =
T I3 @ 1.23 0.20 0.66 0.098 51
Cl\/\,s\éo:EE%
“or 1.19 0.17 0.70 0.094 45
4

attached to the bromopropyl moiety in the linker. Further multi-
podal anchoring may be possible by replacing the six methyl
moieties with leaving groups. Hence, we believe that the present
method has great potential in the development of various organic-
functionalized silica materials including silica-immobilized mo-
lecular catalysts. Such efforts are currently underway in our group.
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