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Dendrimeric silanes for formation of metallosilicates:
new heterogeneous catalysts for the epoxidation of alkenes
with tert-butylhydroperoxide
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New metallosilicate catalysts were prepared by reacting a silanol capped dendrimer Gi&$i(CHsz)>,OH]4 with MCp,Clo (M =
Ti'V, MoV!, W' and W). The resulting Si{CHCH,Si(CHg),OMCp,Cl]4 compounds were incorporated in a silica matrix by the sol—gel
method. The catalytic activity of the metallosilicates after calcination revealed excellent activity and selectivity towards epoxidation of
alkenes withtert-butylhydroperoxide. Maximum activity was observed with molybdenum-containing materials. Analysis of the catalytic
activity revealed that the catalysts were truly heterogeneous.

KEY WORDS: epoxidation; dendrimer; metallosilicate

1. Introduction 2. Experimental

Amorphous catalytic silicate based materials containing The preparation of Si[CHCH,Si(CHz),OMCp,Cl]4 was
metal oxides are now commonly synthesized by the salmder Schlenk conditions. THF, DMSO andEiwere dried
gel procedure based on the hydrolysis and condensationy@ distilled before use. The starting material SifCHi,Si
alkoxide precursors [1]. An important limitation of this tech(CH3)20H]4 [8], was prepared according to the literature
nigue is the difficulty in homogeneously dispersing transbrocedure; CgMCl, was from Aldrich. 1a [8] was pre-
tion metals within the silicate matrix, due to the large dispared under argon as follows: Si[GEH,Si(CHz)20H]4
parity in the rate of hydrolysis of the precursors [2]. 170 315 mg, 0.72 mmol) dissolved in 10 ml THF was added
the area of catalytic oxidation with peroxides, it is eSP&fropwise at room temperature to a solution of, O,
cially highly desirable to achieve high surface area by f0(717 mg, 2.88 mmol) in 50 ml THF. After stirring for an ad-
matiqn of agrogels [3], or e_ﬁective dispersion and hor_n%’ltional 30 min E§N (350 mg, 3.5 mmol) in 5 ml THF was
g(\a/neny \‘/)If high valler_wt transition metals, M, such a¥Ti slowly added. The solution was stirred for 20 h whereupon
VY, Mo¥!, and W' in silicate matrices since polymeriCine color changed from dark red to light orange and white
MO, are catalytically less active or even mactwe [4]. "brecipitate was formed. The precipitategBHCI, was fil-
the past, one approach that has been effective was base8y off and the filtrate was left to stand for an additional
grafting a titanium metallocene complex onto Mesoporoys,qo days. Additional solid that was formed was discarded
silica MCM-41 [5]. Alternatively, a non-aqueous moleculag 4 \ojatile components were evaporated off, an orange
route whereby M[OSi(@Bu)sz]4 species were heated to form owder was obtained, yield 87%H NMR (DMSOdG)
MO,—4SiQ, materials has also been effective [6]. By desig 0.15 ppm, m, 6H3 0.54 ppm, m, 4H5 6.35 ppm, S
the metal oxide is surrounded by four silicate units. Hig OH. 1b 1c,anc,i 1d were prepar,ed in an analogous,m:sm-
catalytic activity has been observed in several cases [7]. ner usir;g DMSO instead of THF as solvent. For molyb-

In this paper, we present a new method o achieve h?@num the solution changed from dark green to red-brown,

dispersion of metal oxides within a silicate matrix an ield 82%: for tungsten the solution changed from green to

show that the materials obtained have high activity f Irght brown-orange, yield 83% and for vanadium the solu-

alkene epomqathn withert butylhydrop.erox!de.. The cat tion turned from green to brown, yield 80%b H NMR
alyst preparation is based on the functionalization of a dej< i

S I : . . MSO-dg) § —0.65 ppm, m, 6H;6 1.04 ppm, m, 4H,
drimeric silanol with bis(cyclopentadienyl)metal dichloride 1

- . X o 5.60 ppm, bs, 10Htc “H NMR (DMSO-dg) § —0.53 ppm,
yielding Si[CHCH,Si(CHz)2OMCp,Cl]4, 1, with isolated _ 1

. i m, 6H;6 1.11 ppm, m, 4H§ 5.77 ppm, bs, 10Htd *H NMR
metal centers, scheme 1. Si[@EH2Si(CHz)20OMCpCl]4 CDCIs) 5 0.33 ppm. m, 6H3 1.15 ppm, m, 4H$ 6.45 ppm
was then encapsulated in a silicate sol-gel matrix and aé|— 3 ~53 ppm, m, -2 ppm, m, ©.4> ppm,
, 10H.1 was encapsulated in a silicate matrix as follows:

ated by calcination. !
v y inat Si(n-OPr) (10 mmol, 2.64 g) and 100 mmol water as 0.05 N
* To whom correspondence should be addressed. HCI were dissolved in 20 mi-PrOH and kept at 69C for
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Scheme 1.

1.5 h. Then 0.25, 0.5 or 1.25 mol%dissolved in THF or Epoxidation of ¢ clooct;?glialtal sed by metallosilicdtes
DMSO were added along with 100 mmob@& as 0.05 N P Y Y y '
HCI and kept at 60C for another 4 h. The solution was Metallosilicate Conversion (selectivity) (mol%)
cooled and th@-PrOH was allowed slowly to evaporate off Oxidant 30% H0O; Oxidant 6 M TBHP
for a period of 72 h. The solids obtained were dried af e 0 5
~100°C overnight and then calcined under air at 300for Ti-Sio, 39 (98) 95 (99)
4 h. White to off-white powders were obtained. The IR spec-V-Si0; 12 (94) 81 (95)
trum for all three materials Ti-SE)Mo-Si® and W-SiQ, Mo-Si0, 46 (99) >99 (99)
were essentially the same with peaks at 1635, 1235, 102@’,\’_3'02 51 (85) 20(99)

908, and 580610 crt. Typically, oxidation reactions were aReaction conditions: 1 mmol cyclooctene, 12 mg metallosilicate catalyst
carried out by mixing 1 mmol substrate, 2 mmol 2tbft- (2 mol% M on SiQ), 2 mmol 30% HOz + 1 ml methanol or 1 ml 2 M
butylhydroperoxide (TBHP) in decane and 12 mg catalysf BHP inn-decane, 66C, 8 h.
at 60°C for 8 h in a pressure tube. The reaction mix-

lyzed using gas chromatography. Oxidati Table 2
tures_were analy . 9 g_ ) . grapny. Bfbxidation of alkenes catalyzed by Ti-Si@nd Mo-SiQ with tert-
reaction products were identified using reference standards butylhydroperoxidé
and GC-MS (HP-5973) equipped with a 30n0.32 mm

5% phenylmethylsilicone (0.26m coating) capillary col- ~ SuPstrate ___ Conversion (selectivity) (mol%)

umn. Quantification was by GLC (HP 5980) equipped with TS0 Mo-Si0,

a flame ionization detector and the same column. Cyclooctene 95 (99) >99 (99)
Cyclohexene 44 (92) 71 (93)
1-octend 25 (81) 56 (95)

3. Resultsand discussion 1-decenB 17(76) 61 (95
2-octene 21 (97) 62 (98)
2-methyl-2-heptene 29 (90) 90 (90)

The metal containing dendrimer$, prepared as indi-
cated in scheme 1 were encapsulated into a silica Sol-ggkaction conditions: 1 mmol substrate, 12 mg metallosilicate catalyst
and calcined to yield metal containing silicates represente@ mol% M on Si), 1 ml 2 M TBHP inn-decane, 60C, 8 h.
as M=SiQ. A preliminary assay to determine catalytic ac?100°C.
tivity for epoxidation of alkenes with hydrogen peroxide and
TBHP was carried out using cyclooctene, a highly reactig@mplexes grafted on MCM-41 [9] catalyst deactivation is
alkene, as a probe substrate. From the results as descrifggdunder similar reaction conditions.
in table 1, it is clear that TBHP is more effective thap®s Since Mo-SiQ and Ti-SiQ were both active and quite
and that Mo-Si®@ > Ti-SiO, > V-SiO, > W=SiO,. When stable to reaction conditions when using anhydrous TBHP
using aqueous ¥D,, there was visible leaching and somés oxidant, these materials were further tested for activity in
dissolution of the silicate. On the other hand, when using a@poxidation of a series of alkenes by TBHP, table 2. As may
hydrous TBHP, leaching was very limited for Mo—Si@nd be expected, reactivity was clearly a function of the nucle-
Ti—SiO, but significant for V-Si@ and W-SiQ. Leaching ophilicity of the alkene. Thus, the least nucleophilic termi-
was tested by mixing the catalyst under reaction conditional alkenes such as 1-octene and 1-decene were least reac-
(table 1) without substrate for 8 h at 60. The suspension tive and required higher reaction temperatures for reasonable
was filtered hot over a 2bm filter and the filtrate and solid yields. In the epoxidation of cyclohexene, a substrate sensi-
tested for catalytic activity. For Mo-SiCand Ti—SiQ the tive allylic oxidation bytert-butyloxy andtert-butylperoxo
filtrate gave about 5% conversion (no catalyst gave 2% comadical species, selectivity was high indicating only a minor
version). The solid was active. The catalytic activity for themount of radicals were formed. In this context it is valuable
Mo-Si0O, compound is comparable to the activity describeib note that for Mo—Si@the catalyst is light blue indicating
for other amorphous silicates [3-5]. Notably for titaniunsome formation of MY species. Additionally, yields cal-
grafted on mesoporous MCM-41 [6], and also molybdenunoulated for TBHP were high. 2-methyl-2-heptene was more
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Table 3 . :
. L compared to theis isomers as typically the latter are more
Epoxidation of alkenols catalyzed by Mo-SiQwith tert- p . yP y
butylhydroperoxidé reactive with peroxo type complexes. We have as yet no ex-
planation for this phenomenon.
Substrate Conversion (selectivity) (mol%)
Cis-2-hexen-1-ol 74 (96)
Trans-2-hexen-1-ol 87 (97) Acknowledgement
Cis-3-hexen-1-ol 60£99)
Trans-3-hexen-1-ol 85%99) Bayer AG is thanked for their interest in the research.
5-hexen-1-ol 6£99)
aReaction conditions: 1 mmol substrate, 12 mg metallosilicate
catalyst (2 mol% Mo on Sig), 1 ml 2 M TBHP inn-decane, References
60°C, 8 h.
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