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Abstract: Bipyridylsilylated montmorillonite (abbreviated as bpy-mont) is prepared
JSrom H-montmorillonite and 6-(ethoxydimethylsilyl)-2,2"-bipyridine. Treatment of

the bpy-mont with [RuCly( L())z In affords a novel clay catalyst including Ru(ll )-
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camlvst and Et3N mainly produces vic-bis(tert-butyldioxy)alkanes. A similar
oxidation of 2,3-dimethyl-1,3-butadiene affords 1,4- and 1,2-bis(tert-
bu“yldioxy )alkenes. In the absence of Et3N the oxidation of 1,1 -diphenylethylene

gn' es 2-tert-butyldioxy-1-hydrodioxy-1, 1-diphenvlethane as a major product. This
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catalyst is easxly separated after the reactions and can be reused for oxidation.
© 1998 Elsevier Science Ltd. All rights reserved.

Smectite ciays such as montmoriiionite are currentiy receiving considerabie attention as benign and
reusable Lewis and Bregnstead acid catalysts.! Modification by exchanging a cation (H* or Na*) between
the layers for metals or by anchoring ligands containing metals provides the new catalytic use of clays.
Several types of the cation-exchanged clay hitherto have been reported to exhibit remarkable catalytic
activity for some organic reactions.!:2  On the other hand, the utility of the clay anchored with organic
ligand which supports transition metals has been restricted to some examples 1.3 and further elaboration in

this field is waited for widening the utility of such clays in organic synthes1s Recently, ruthenium-

synthesis of a new clay catalyst anchored with bipyridine ligand for metals and its application to oxidation
of aromatic alkenes using ruthenium embedded in it.> The results using homogeneous ruthenium catalyst
which has been scarcely studied in oxidation of alkenes are also recorded.

The treatment of H-montmorillonite (H-mont) with 6-(ethoxydimethylsilyl)-2,2'-bipyridine® in toluene
under reflux gave bipyridylsilylated montmorillonite (abbreviated as bpy-mont). The reaction of the bpy-
mont with [RuCl(C0O);],7 afforded Ru(Il) embedded bpy-mont [Ru(H)—bpy-mont].8 The procedure for
preparation is shown in Scheme 1.

Scheme 1 -
\ Y
>N N7 = = = ==
OH Me. >"‘N N__/ [ u 2( )2]!1 Me, ‘ N\ ’N _/
l toluene, reflux O'SI'Me 2-methoxyethanol O/SI‘Me [RU]
—————— I reﬂux, 2h |
H - mont
bpy-mont Ru(1)-bpy-mont

[Ru] = RuCI>{CO)»
In our first attempt, the catalytic oxidation of aromatic alkenes with -BuOOH was performed (Scheme
2). The typical resuits are listed in Table 1. The reaction of styrene (1a) (3 mmol) with 70% aqueous ¢-
BuOOH (5 equiv) in CH7Cl; at 25 °C for 48 h in the presence of Ru(ll)-bpy-mont (0.0015 mmol) and
0040-4039/98/$19.0C © 1998 Elsevier Science Ltd. All rights reserved.

DIT. CNNAN_ ANIO/00MVTINOE
11: S0040-4039(98)000795-3



Et3N (0.1 mL) afforded 1,2-bis(terz-butyldioxy)-1-phenylethane (2a) (30%) and benzaldehyde (13%)
(Table 1, entry 1). The reaction of o-methylstyrene (1b) and 1,1-diphenylethylene (1c) gave the
corresponding 1,2-bis(tert-butyldioxy) adducts 2b and 2¢ in 33% and 59% yields, respectively (entries 2
and 3).% Epoxides 4 which were minor products are not intermediates leading to 2a-2¢, because
conversion of styrene oxide (4a) to 2a was not observed under the identical conditions. Similarly,

homogeneous RuCla(bpy)(CO);-,10 RuCly(bpy),-2H,0-,1! and [Ru(CO),Cla]p-catalyzed oxidation of 1c

A & and M T

under the same conditions afforded 2c¢ in 69%, 71% and 63% yields, respectively (entries 4, 5, and 6). In
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the absence of catalyst the rate of oxidation was considerably slow and the conversion of the substrate was

less than 10% after 48 h. No reaction occurred when pyridine was used instead of Et3N. Although there
are no significant differences in selectivity between heterogencous and homogeneous catalysts, the results
of this system show the different selectivity of the products from that using Fe- and Mn-porphyrin, Cu-
R3N, and CrCs3 catalysts.!2  The kind of products formed were not influenced by the bpy ligand but
intrinsically affected with Et3N. In the absence of Et3N the oxidation of 1¢ with Ru(II)-bpy-mont catalyst
gave 2-tert-buryldioxy-1-hydrodioxy-1,1-diphenylethane(Sc) in 46% yield as a major product (entry 7),

while with RuCly(bpy)(CO); and RuCly(bpy)2-2H20 only a small amount of 5¢ (8% yield) was produced

h

ies 8 and 9). Interestin
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9% yield (entry 10).13 In the case of 1b a similar reaction
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without Et3N gave Sc almost exclusively
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occuited to give 5b in 70% yield (entry 11). The Ru(Il)-bpy-mont was easily separated after the reaction
and can be provided for the second use of the oxidation of 1¢, giving 5c in the same yield (entry 12).
Schame 2
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1a; R=H, 1b; R = CHg, 1¢; R=Ph
Table 1. Ru-catglyzod oxidation of aromatic alkenes with #BuQOH 2

products and isolated vields (%)

entry  substrate catalyst EigN (mL)

2 3 4 5
1¢ 1a Ru(ll)-bpy-mont 0.1 30 13 - -
z ib Ru(ii)-bpy-mont 0.1 33 11 10 -
] ic Rufii)-bpy-mont 0.1 59 19 8 tr
4 ic RuCix(bpy)(CO)2 0.1 69 19 5 tr
5, 1c RuClx(bpy)2-2H,0 0.1 71 11 5 tr
€ 1c [RuCia(CO)z2in 0.1 63 24 5 2
7 ic Ru(if)-bpy-mont - 10 2 tr 46
8 1c RuCiz(bpy)(CO)2 - 10 22 4 8
gd ic RuCly(bpy)2-2H0 - 27 42 tr 8

1¢d 1c Ru(il)-bpy-mont - tr - 18 79
11d 1b Ru(il)-bpy-mont - tr tr 1 70
12d 1c Ru(ll)-bpy-mont® - 4 tr 14 79

a8 Reaction condition: substrate (3 mmol), Ru(ll) cat. (0.0015 mmot), 70 % aq. +-BuQOH (15 mmol),
EtgiN (0.1 mL) in CHoCl, (5 mL) at 25 ° C for 48 h under air. b Based on 1. ° Benzoic acid was also
obtained in 9 % yield. 3 Reaction was performed under O,. © 2nd use.



A similar oxidation of 2,3-dimethyl-1,3-butadiene occurred to give a mixture of 1,4-bis(zert-
butyldioxy)-2.3-dimethyl-2-butene (6, 27% ; £/Z = 12/88) and 1,2-bis(tert-butyldioxy)-2,3-dimethyl-3-
butene (7, 129%) (Scheme 3).

Scheme 3

Ru(l1)-bpy-mont (0.0015 mmol) \ / \ /
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The oxidation might proceed via a similar mechanism of Kharasch oxidation.!4 The oxo

ruthenium(IV’ as an active %pecies mi ght be generated as rep()rted in the oxidation of amines15 and para-
substituted phenols. 16 The spec u(IV)=0 generated from Ru(Il) and +-BuOOH abstracts hydr
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BuOOH to the cation gives the product 2¢ (eq 3). The role of EtsN may be to accelerate the generation of
active species Ru(IV)=0 and to enhance the nucleophilicity of ~-BuOOH to the cation. The result of the
reaction of the conjugated diene also supports these reaction pathways including stable carbocations. On
the other hand, in the absence of Et3N, an intermediate benzyl radical reacts with O3 to give a peroxyl
radical and the subsequent hydrogen abstraction from ~-BuOOH results in the formation of the product Sc
(eq 4). Equation 4 implies that the radical chain is constituted. In the case of the homogeneous catalyst,

the intermediate peroxyl radical in high concentration undergoes self-coupling to an oxyl radical and 05,17

and then this oxyl radical decomposes to give benzophenone 3¢ (eq 5). Although the details are not yet
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and subsequent oxygen release.

RuV==0 + +BuOOH +Bu0O* + Ru'—OH 1)

[ PhaCCHz00-tBu]
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PhoC—CH, + #BuOOe¢ —n —_— @)
| Ru''—OH t Ru'l—OH !
CfO-t—Bu
+ t-BuOOH i (2
Ph,CCH,00-+-Bu PhaCCHo00-1-Bu =
EgiN . 2¢
. O0H
. (o) T t-BuOOH T
PhoCCHZ00-tBu PhaCCHo00-+-Bu PhaCCH,00-tBu  + +-BuOOe  (4)
5¢
o0 * Cf
2 PhCCGHz00-8u """ 2 PhyCCH,00-tBu 3c (5)

toward oxidation of alkenes from both Gif system and Fe- and Mn-porphyrin system.!2
mont catalyst was easily separated after reactions and this can lead to the recycle of catalyst for further
reactions. Further studies on oxidation and other catalytic reactions using reusable transition metal-bpy-

mont are nOw in progress.
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Prepared from 6-bromo-2,2"-bipyridine, butyllithium and chloroethoxydimethylsilane: 'H NMR(270
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To a mixture of H-montmorillonite (5 g) and toluene (50 mL) was added dropwise 6-
(ethoxydlmethylulyl) -2,2'- blpyndme (0 4g, 4 mmol) at 110 °C and the rmxture was stirred at reflux for
48 h. The produced purple clay was filiered and washed with THF and then with ether by Soxhlet's
extractor. The bpy-mont (5 g) was obtained after drying under vacuum. A mixture of bpy-mont (1.5 g),
[RuClo(CO)3], (l 14 mg, 0. 5 mmol) and 2- methoxyethanol (10 mL) was stirred at reflux for 2 h. The
clay was collected with a centrifugal separator and washed with hot 2-methoxyethanol (10 mL x 10), THF

(10 mL x 10) and ether (10 mL x 5), and then dried under vacuum. The basal spacing (dgg;) of Ru(Il)-
bpy-mont obtained was 14.1 A estimated by a sharp peak obtained on X-ray diffraction (XRD) analysxs
showing clearly that the catalysts have an interlayer structure. The amount of Ru on Ru(II)-bpy-mont (1
g) was 0.03 mmol estimated by X-ray fluorescence (XRF) analysis. IR analysis showed the

carbonyl absorption: v (CO) 2013, 2073 cm-!.

To a mixture of alkene (3 mmol), dichloromethane (5 mL), triethylamine (0.1 mL, 0.72 mmol) and
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portion at 25 °C with a magnetic stirring. The mixture was then stirred at 25 °C for 48 h. A catalyst was
collected by filtration and washed with ether. The solvent of the filtrate was evaporated and dried under
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eluent: 2% ethyl acetate/hexane]. 2b: a colorless oil; IR (neat) 2979, 2933, 2873, 1496, 1474, 1448, 1386,
1363, 1242, 1198, 1053, 1025, 872, 760, 698 cm'!; IH NMR (270 MHz, CDC13) 61.20 (s 9H) 1.25 (s,
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NMR (270 MHz, CDCI3) & 1.08 (s, 9H), 1.20 (s, 9H), 4.81 (s, 2H), 7.20 - 7.38 (m, 10H); 13C NMR (67.8
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