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Abstract

The Meerwein—Ponndorf-\Verley (MPV) reaction allowed the successful reduction of various aldehydes and ketones by using amidzphlO
oxide previously obtained from a layered double hydroxide as catalyst and 2-propanol as hydrogen donor. The reaction exhibited good yield an
selectivity towards the corresponding alcohol in all cases. The results were quite consistent with a mechanism involving adsorption of ¢he reactan
on an acid—base pair in the catalyst.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction A number of acid and basic heterogeneous catalysts have
been developed in recent years that allow the MPV reaction
The reduction of carbonyl compounds provides a veryto be conducted in the liquid phase and the need to remove
useful method for handling functional groups in organicthe catalyst from the reaction mixture to be avoided. Specially
chemistry. Specially prominent in this respect is thefavoured in this respect are the products resulting from the cal-
Meerwein—Ponndorf-Verley (MPV) reaction, which involves cination of layered double hydroxides (LDHs). Our research
the reduction of a carbonyl compound to the correspondingroup, and Professor Figueras of the CNRS of Lyon (France),
alcohol by using a stoichiometric amount of aluminium iso-have pioneered the use of these solids as catalysts in MPV
propoxide in 2-propano[1-3]. A complementary oxidation processes,wherethey have so far provided good results with sub-
process (viz. the Oppenauer oxidation reaction) was introstrates of diverse nature including naturally occurring aldehydes
duced via the MPV reaction in 1934]. This reduction pro- [5,6], cyclohexanone and its derivatij&s8], and aromatic alde-
cess provides an interesting pathway for reducing aldehyddsydes[9]. Other acid and basic solids used to facilitate this
and ketones to alcohols by virtue of its being highly selec-hydrogen-transfer process include zeolif#8—12] and metal
tive towards GO groups. In fact, other reducible groups suchoxides[9,13-15]
as G=C double bonds and C-halogen bonds are not attacked. Layered double hydroxides, also known as “hydrotalcite-
However, the MPV reaction requires the use a large excedie compounds”, are brucite-like [Mg(OHhl) layered anionic
of isopropoxide in order to obtain an acceptable yield. Alsoclays where some Mg cations are replaced by &l or some
destroying the excess alkoxide at the end of the process canther tervalent cation. By effect of the metal substitution, the
be rather difficult and removing the catalyst is a costly, time-layers acquire a charge deficiency that is countered by anions
consuming process that provides a non-reusable product in mast the interlayer spacing. These compounds conform to the
cases. general formula [Mg_ Al .(OH)2]**[Ay,]™ -nH20, whereA
is the interlayer anion. Calcination of these hydrotalcite-like
compounds above 40C gives a mixture of magnesium and
* Corresponding author. Tel.: +34 9 57218638; fax: +34 9 57212066. aluminium oxides with basic surface properties and a variety of
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This paper reports the results obtained in the reductiomnd used as the catalyst. All solids were calcined immediately
of various aldehydes and ketones with 2-propanol as hydrgarior to use as catalysts.
gen donor and a heterogeneous catalyst obtained from a Inpreviouswor§20—-23] solids of a similar nature were char-

magnesium—-aluminium layered double hydroxide. acterized in structural, textural and chemical terms, and found
to possess basic surface properties.
2. Experimental The catalytic hydrogen-transfer reaction was conducted in

a two-mouthed flask furnished with a magnetic stirrer and a

The basic catalyst used was obtained by following a precondenser. An amount of 0.09 mol of the secondary alcohol was
viously reported procedurg0]. A volume of 250mL of an  supplied with 0.003 mol of the carbonyl compound and the reac-
aqueous solution containing 0.3 mol of Mg(A)@6H,O and  tion mixture was refluxed with stirring at 1000 rpm. The reaction
0.15mol of A1(NQ)3-9H,O (Mg/Al=2) was slowly dropped was started by feeding 1 g of freshly calcined catalyst to the mix-
over 500 mL of an NgCO;3 solution at pH 10 at 60C under ture. Aliquots of the reaction mixture were withdrawn during
vigorous stirring. The pH was kept constant by adding approprithe course of the reaction and analysed by gas chromatography
ate volumes of 1 M NaOH during precipitation. The suspensiofGC) and mass spectrometry (MS) on an HP 5890 GC instru-
thus obtained was kept at 8G for 24 h, after which the solid ment furnished with a 30 m 0.32 mm Supelcowax 10 column
was filtered and washed with de-ionized water. The resultingind interfaced to an HP 5971 A MSD instrument.
solid, named HT, was calcined at 500 for 8h to obtain a All chemicals used were purchased from Panreac, Merck or
magnesium-aluminium mixed oxide that was named HT-50\ldrich and used as received.

Table 1
Results obtained in the reduction of aldehydes with 2-propanol
MgO/ALLO
H OH g 293 H o}

U A &
_<o 82°C OH

Entry R Yield (%) Reaction time (h) kx 1073 (min~1)a Selectivity (%%
1 NN 96 4.0 9.36 100
2 PN e g 95 4.0 9.18 99.0
3 v 96 4.0 9.11 99.1
4 PN 98 4.0 9.26 98.0
5 N 97 4.0 9.06 97.8
6 O/ 96 5.0 8.07 98.4
7 o 97 3.2 10.51 100

-

8 ©/ 96 35 13.74 100
9 ©/\ 92 45 9.58 100

10 @A\ 97 7.0 7.60 100

X
11 ©/\/ 95 4.0 12.30 96.5
12 §§j 97 235 3.49 98.2
|
13 98 24.0 4.19 92.1
|

a Rate constant.
b Selectivity towards alcohol.
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Table 2
Results obtained in the reduction of ketones with 2-propanol
. MgAIO H
R OH x (o]
U e I
0 §2°C OH
Entry Ketone Yield (%) Time reaction (h) kx 1073 (min—1)2 Selectivity (%)
O
1 PN 47 24 0.72 89
O
2 /\/\/\/lk/ 30 24 0.29 93
o]
3 o~ 18 24 0.19 86
O
4 (j 95 10 3.80 100

&

08 24 2.48 100
o)

6 /@ 95 10 3.76 100
_0

7 Q 94 24 2.56 100
o)

8 (:E 43 24 0.64 100
(@]

9 27 24 0.21 100
o)

10 (:/f 35 24 0.30 98

cl

o)

11 96 24 2.31 97
o)

12 16 24 0.15 81

X

o)

13 g 95 10 3.92 100
O

14 U 92 10 3.75 100
o)

15 @A 90 24 2.01 100

D

16 ©/\\/ 76 24 1.18 100
o)

17 4 24 <0.01 100

@ Rate constant.
b Selectivity towards alcohol.
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Hsc——C|H—CH3
OH
CH
Hac\ | °H
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R g
CH—OH P H
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Scheme 1. Mechanism proposed for the MPV reduction.
3. Results and discussion The presence of a double bond conjugated with the carbonyl
group also substantially reduced the reaction rate (see entry 10in
3.1. Reduction of aldehydes and ketones Table 9. This, together with steric hindrance, resulted in carvone

i i . (entry12inTable 2 exhibiting avery lowyield and rate constant.
The reduction of aldehydes gave the corresponding primang, the other hand, the presence of a chlorine atoa with
alcohols. The selectivity of the process exceeded 90% in allagpect to the carbon atom in the carbonyl group increased the
cases. Also, all aldehydes exhibited a linear correlation betweeR 4 ction rate. Finally, the substituents of aromatic ketones had an
the natural logarithm of the concentration of the carbonyl grouRytect similar to that of the substituents in cyclohexanone: thus,

and the reaction time, which suggests that the reaction is firsine MPV reduction of benzophenone proceeded to a virtually
order in the aldehyde concentration: negligible extent.

C
In (i’) — ke

¢ . . 3.2. Reaction mechanism
wherecg andc are the aldehyde concentrations at times zero and

t, respectivelyk the rate constant ands the time. We used a The rate constants obtained are consistent with a mechanism

plot of In (co/c) versust to determine the rate constant. As can similar to that proposed by Ivanov et {24] (Scheme )}, based

be seen fronTable 1, there were no substantial differences in on which the hydrogen transfer is a concerted process involving

reaction yield or rate constant among the aldehydes except fahe formation of a six-link intermediate between ethanol and the

perilaldehyde and citral (entries 12 and 13 in the table). Thearbonyl compound. The rate-determining step of the process

decreased rate for these two compounds can be ascribed to theiust be related to the interaction of the alcohol with acid—base

steric hindrance, which was also present, albeit to a lesser extesites, which causes its dissociation to the corresponding alkox-

in 2-phenylpropanal (entry 10). ide. Carbonyl compounds have been found to interact with acid
The rate constants for the ketones, showifable 2 were  and basic sites in a solid to give condensation reaction, as have

determined similarly to those for the aldehydes. As noted iralcohols with metal acid sites to give olefins. In the proposed

a previous papef7], the presence of substituents at differentscheme, the surface-adsorbed alkoxide formed from the alcohol

positions on a cyclohexanone ring has a strong effect on the rateansfers a hydride ion that attacks the carbonyl group.

of the process; thus, the bulkier a substituent at position 4 is, the

smaller is the rate constant (see entries 5 andi@aliie 2. Also, 4. Conclusions

the presence of a substituent at position 2 rather than 4 decreases

the reaction rate (see entries 6-8 in the table). The effect is even Based on the results, the MgAlGmixed oxide obtained

more marked with two substituents at positions 2 and 6; in factfrom a layer double hydroxide is an excellent catalyst for the

the alcohol yield after 24 h of reaction under these conditiondeerwein—Ponndorf-Verley reduction of aldehydes and ketones

was only 27%. with 2-propanol. Aldehydes are reduced with yields and selec-
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tivities in the region of 100% within a few hours, and so are [8] J. Lopez, J. §nchez-Valente, J.-M. Clacens, F. Figueras, J. Catal. 208
ketones—albeit somewhat more slowly. Only some ketones (2002) 30.

that are severely sterically hindered or possess some conju®! M-A. Aramenda, V. Borau, C. Jinez, J.M. Marinas, J.R. Ruiz, F.J.
Urbano, J. Colloid Interfce Sci. 238 (2001) 385.

gate alkene bond are less efficiently reduced. These results 416, 5 gortnovsky, z. Sobalik, B. Wichterlova, 7. Bastl, J. Catal. 210 (2002)
quite consistent with the proposed reaction mechanism, based™ 171

on which the hydrogen transfer from the alcohol to the car{11] J.C. van der Waal, K. Tan, H. Van Bekkum, Catal. Lett. 41 (1996) 63.
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