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Abstract—A Shvo-type diruthenium complex is heterogenized by a sol-gel process, which catalyzes the conversion of alcohols to
carbonyl compounds and molecular hydrogen without any additive. The heterogeneous catalyst is recoverable by simple filtration,

stable in the air, and reusable.
© 2004 Elsevier Ltd. All rights reserved.

The Shvo complex, [(1°-PhyC4CO),H]Ru,((CO),)(p-H)
(1), is a versatile catalyst.! It has been used for many
homogeneous hydrogen-transfer reactions such as the
disproportionation of aldehydes to esters, the reduction
of aldehydes and ketones,® the Oppenauer-type oxida-
tion of alcohols and amines,*’ and the racemization of
alcohols and amines.*” During our study on the dy-
namic kinetic resolution of alcohols with the catalytic
activity for the racemization of alcohols,® we recognized
that 1 catalyzes also the dehydrogenation of alcohols
and found a brief report that describes the catalytic
dehydrogenation of 2-octanol and cyclohexanol at
145°C by a dimeric ruthenium complex, [(n°-
Ph,C4CO)(CO),Ru],, which readily converts into 1 in
the reaction with alcohols.®
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For practical uses, heterogeneous catalysts are prefera-
ble to homogeneous one, thus we planned to synthesize
a simple derivative of 1, which can be easily employed in
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the sol-gel process to give a recoverable and reusable
catalyst. First, we examined the dehydrogenation of
1-phenylethanol with 1-3 to see the substituent effect of
the pentadienyl ring on the catalytic activity (Scheme 1).
Interestingly, 1 having phenyl substituents showed the
highest activity; under the conditions of the entry 5
in Table 1, acetophenone was produced in 60% yield
by 2 and in 68% by 3. Then, the efficiency of the
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Scheme 1.

Table 1. Dehydrogenation of 1-phenylethanol by 1 in various
conditions

Entry mol%  Concentration Time Solvent  Yield

(M) (h) (%0)"

1 4.0 0.1 24 Ethyl 22.8
acetate
2 4.0 0.1 24 Benzene 49.5
3 4.0 0.1 24 Heptane 59.7
4 4.0 0.1 9 Octane 98.0
5 4.0 0.1 9 Toluene  89.3
6 2.0 0.1 9 Toluene  81.0
7 1.0 0.1 9 Toluene  65.9
8 8.0 0.1 6 Toluene  94.0
9 4.0 0.5 9 Toluene 954
By GC.
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dehydrogenation was optimized with using 1 with
varying conditions (Table 1).° The reaction rate de-
pended on the reaction temperature; it was almost
completed in 9 h in refluxing octane (bp 126 °C) while in
refluxing benzene (bp 80°C) the reaction proceeded in
less than 50% even after 24 h, (entry 2 vs entry 4). It was
notable that a more concentrated solution led to a
higher yield (entry 8 vs entry 9).

We thought that the derivatives of 1, which contain
hydroxy groups, would be suitable for sol-gel processes
to afford robust catalysts.!” The Shvo-type diruthenium
complex 10, which has two (hydroxylmethyl)phenyl
groups, was synthesized from the cyclopetadienone 7
by the procedure reported by Shvo and Menashe*!!
Meanwhile, 7 was prepared from 4-(phenylethy-
nyl)benzaldehyde (4)'? through a three-step process: (1)
protection of the formyl group of 4; (2) oxidation of the
triple bond to give the 1,2-diketone 6;'* (3) coupling of 6
and diphenylacetone (Scheme 2).!* The silica gel
entrapping 10 was prepared by the sol-gel process
involving a mixture of 10, tetramethyl orthosilicate,
methanol, water and THF. The resulting gel was washed
with methanol and dried under vacuum to give 11 as
yellow powder entrapping 10 in 77% yield."

The heterogeneous catalyst 11 showed a better activity
than 1 in the dehydrogenation of 1-phenylethanol,
which was completed in 6 h. The catalyst was recover-

able by simple filtration, and reusable several times.
Although the activity decreased gradually, over 90% of
the original activity was maintained in the fourth use:
Ist, 100%; 2nd, 97.4%; 3rd, 96.0%; 4th, 90.5%; S5th,
86.8%. The catalyst 11 was effective for various alcohols
(Table 2). Aliphatic alcohols as well as benzylic alcohols
were dehydrogenated to the corresponding ketones in
high yields. The production of a y-lactone from 1,2-
benzenedimethanol implicates the dehydrogenation of
the intermediate hemiacetal. However, the reaction of
benzyl alcohol was relatively slow, and produced benzyl
benzoate in less than 0.5%. In comparison to the known

Table 2. Dehydrogenation of alcohols with 11*

Entry Substrate Time (h) Yield (%)°

1-Phenylethanol 6 97

1

2 1-(4-Chlorophenyl)ethanol 6 97
3 1-(4-Methoxyphenyl)ethanol 6 97
4 1-Cyclohexylethanol 8 97
5 2-Octanol 6 97
6 Cyclohexanol 20 100¢
7 1,2-Benzenedimethanol 6 964
8 Benzyl alcohol 6 41¢

#In refluxing toluene (0.1 M) with 4.4mol% of 11.
®Isolated yield.

°By GC.

4The product was 3H-isobenzofuran-1-one.

¢By GC with using biphenyl as the internal standard.
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dehydrogenation catalysts such as RuH,(PPhj),,'®
II'Hs(iPI‘P)Q,17 IrH2{C6H3'2,6'(CH2P'Z'BH2)2},18 Ru(OC
OCF;),(CO)(PPhs),," Ru3(CO);»/PPh;3, 11 has several
advantages: stable in the air and easy to handle; active
without additives; active under mild conditions.

A possible pathway for the catalytic dehydrogenation is
proposed in Scheme 3: The diruthenium complex 1 is in
equilibrium with mononuclear species 1A and 1B.2! An
alcohol reacts with the 16-electron species 1A to give the
hydride complex 1B and the corresponding ketone.
Then, 1B loses molecular hydrogen with being coupled
with another 1B to form 1.

In summary, we synthesized a heterogeneous version of
the versatile Shvo complex through sol-gel process, and
demonstrated that it is a recoverable and reusable cat-
alyst for the efficient dehydrogenation of alcohols.
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