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Abstract: Chemoselective reduction of a,fB-unsatu-
rated carbonyls to the corresponding alcohols was
achieved by a catalytic transfer hydrogenation
(CTH) method using cobalt(II)-substituted hexago-
nal mesoporous aluminophosphate (CoHMA) mo-
lecular sieve catalyst. Further, the catalyst was found
to be promising as a heterogeneous catalyst as the
yield was practically unchanged after up to six cycles.
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The selective reduction of a,B-unsaturated carbonyls is
one of the active research areas of great practical impor-
tance as the products, viz., a,-unsaturated alcohols, are
useful for the preparation of several important fine
chemicals and as versatile intermediates in organic syn-
thesis.!! The reduction of o,B-unsaturated carbonyls by
molecular hydrogen has been attempted on heterogene-
ous catalysts for some time with very limited success.*’!
On the other hand, the reduction of o,-unsaturated car-
bonyls by the catalytic transfer hydrogenation (CTH)
method is emerging as a highly selective and safe meth-
od compared to the conventional reduction employing
molecular H,. Thus, a number of homogeneous and met-
al oxide catalysts have been used for the production of
unsaturated alcohols from unsaturated carbonyls but
these catalysts are not selective.[*~”' Recently, we have re-
ported on several transition metal-based mesoporous sil-
icate and aluminophosphate molecular sieves for the re-
gioselective and chemoselective reduction of various or-
ganics under transfer hydrogenation conditions.~'” In
this communication, we present cobalt(II)-substituted
hexagonal mesoporous aluminophosphate (CoHMA)
molecular sieve as an eco-friendly heterogeneous catalyst
for the chemoselective reduction of a,3-unsaturated car-
bonyls to the corresponding o,3-unsaturated alcohols.
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The CoHMA catalyst was prepared and characterized
as per the procedure described elsewhere.!"!! Powder X-
ray diffraction (XRD) patterns of both the as-synthe-
sized and calcined CoHMA showed well-resolved re-
flections typical of the mesoporous MCM-41 structure.
The surface area (930 m? g~ ') was estimated using the
Brunauer-Emmett—Teller (BET) method and the aver-
age poresize (26 A%) was calculated by the Horvath-Ka-
wazoe (HK) method. The pore volume (0.44 cm’® g~ ')
was determined form the amount of nitrogen adsorbed
at P/P,=0.5. Inductively coupled plasma-atomic emis-
sion spectroscopy (ICP-AES) analysis showed
3.8 wt % of cobalt content in the sample. The appear-
ance of a peak in the range 773-940 K in ammonia-tem-
perature programmed desorption (NH;-TPD) measure-
ments indicates the presence of strong Lewis acid sites in
CoHMA. The hydrogen transfer reaction was carried
out over this mesoporous catalyst as per the procedure
described in the experimental section

In Table 1 are summarized the results of CTH of sev-
eral aromatic and aliphatic o,8-unsaturated carbonyls
over COHMA catalyst, wherein the compounds were re-
duced with good yields. The catalyst selectively reduces
the carbonyl functions without affecting the olefinic
bonds. As can be seen from Table 1, the catalyst exhibits
excellent selectivity towards unsaturated alcohols which
is in contrast with certain reported catalysts with which
only aldehydes were reduced and which fail with unsatu-
rated carbonyls."?! At this juncture, it is interesting to
note that nearly similar yields were obtained for all the
substrates under investigation over cobalt oxide sup-
ported on zirconium oxide (CoO/ZrO,) catalyst with a
cobalt content twice (8.7 wt %) as much as that CoHMA
catalyst (3.8 wt %). Table 2 presents the results of the re-
duction of cinnamaldehyde under various reaction con-
ditions. This table also gives the isolated yield of cinnam-
yl alcohol which is comparable to the GC yield. Further-
more, it can also be seen from Table 2 that the reduction
of cinnamaldehyde over CoO and Co-free HMA gives
much lower yields. Likewise, the reaction does not pro-
ceed if the catalyst is used without the promoter (KOH)
or if no catalyst is used. This indicates that the observed

DOL: 10.1002/adsc.200303175 Adv. Synth. Catal. 2004, 346, 542544



Chemoselective Reduction of a,B-Unsaturated Carbonyls

COMMUNICATIONS

Table 1. Reduction of a,f-unsaturated carbonyls over COHMA.

Entry Substrate Time [h] Product Yield [%]®
First run Third run
1 HC=CHCHO 2.0 HC=CHCH,OH 75 75
2 HC=CHCOCH, 3.0 HC==CHCH(OH)CH, 66 65
3 o 35 oH 73 73
4 6.0 62 59
X X
CHO CH,OH

5 CH,CH=CHCHO 25 CH,CH=CHCH,OH 80 82

CH,CH,CH,CH=CHCHO 2.0 CH,CH,CH,CH=CHCH,OH 75 74

G C yields.

Reaction condition: Substrate (20 mmol), KOH pellets (20 mmol), catalyst (100 mg) in 2-propanol (20 mL ) refluxed at 356 K.

high activity of COHMA is mainly due to the presence of
the transition metal ion in the structure. It is, however,
noteworthy here that the CoO/ZrO, catalyst showed
nearly the same yield at the expense of excess cobalt
as compared to CoHMA.

The reaction mechanism for the reactions under study
can be presumed to be similar to the classical Meerwein—
Ponndorf—Verley (MPV) reduction of carbonyls report-
ed for aluminium isopropoxide.'*! Accordingly, at the
initial stage, 2-propanol adsorbs on the catalyst followed
by the formation of an alkoxide, which is also known to
be the activated H-donor in MPV reductions."¥ Further,
the coordinative interaction of the substrates with the
Lewis acid centre allows the formation of a six-mem-
bered transition state in which hydride transfer takes
place.>!% Thus, the role of CoHMA is to hold both
the H-donor and the H-acceptor through the Lewis
acid sites in close proximity so that direct hydrogen
transfer can take place smoothly."”! The surface alkox-
ide species thus formed may transfer the hydride ion
that attacks the substrates, which is promoted by the
presence of KOH.[I3!8!

The catalyst was also tested for its reusability for the
reduction of cinnamaldehyde. Interestingly, the yield
was practically unaffected up to six cycles (Table 2).
The filtrate and quenched solutions of the catalyst did
not show any catalytic activity. This confirms that the ac-
tivity observed is due only to the solid catalyst and not
partly due to the leached active species. The XRD pat-
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Table 2. Reduction of cinnamaldehyde to cinnamyl alcohol
under different reaction conditions.

Entry System Yield [%]

1 CoHMA with promoter 81l
7510l
73[b,c]

2 CoHMA without promoter —[d

3 No catalyst -

4 Filtrate —[@

5 Quenched solution —1a

6 Co-free HMA 171

7 CoO 35t

8 CoO supported on ZrO,! gote- !

9 710, 260

Reaction condition: Cinnamaldehyde (20 mmol), KOH pel-
lets (20 mmol), catalyst (100 mg) in 2-propanol (20 mL) re-
fluxed at 356 K for 2 h.

4] Tsolated yield on single experiment.

®l GC yield.

! Yield after sixth run.

[ No reaction.

eI The CoO/ZrO, catalyst contains 8.7 wt % Co as against 3.8
wt % of Co in CoHMA catalyst.

tern of the recycled COHMA catalyst did not show any
significant change compared to the fresh catalyst; how-
ever, a slight broadening of the reflection was observed,
which may possibly be due to the finer particle size of the

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 543



COMMUNICATIONS

P. Selvam et al.

catalyst generated after recycling. Furthermore, the
mesoporous nature of the reused catalyst was also con-
firmed by nitrogen sorption measurements (BET sur-
face area=890m’g ', pore volume=0.45cm’g’,
and pore size =26 A). Thus, the catalyst behaves truly
as a heterogeneous solid acid catalyst by keeping its
structural integrity.

In conclusion, for the first time, a mesoporous mo-
lecular sieve is proposed for the chemoselective reduc-
tion of a variety of a,-unsaturated carbonyls having im-
portance for fine chemicals and drugs. The catalyst,
CoHMA, was found to be highly selective for this pur-
pose and yields only unsaturated alcohols with 100% se-
lectivity. The yield and reaction time are highly encour-
aging. The catalyst was found to be heterogeneous in na-
ture for this reaction.

Experimental Section

CoHMA Catalyst Preparation

Cobalt(II) substituted hexagonal mesoporous aluminophos-
phate (CoHMA) molecular sieve catalyst was prepared as
per the following procedure. Phosphoric acid was first diluted
with water and then aluminium isopropoxide was added under
vigorous stirring followed by the addition of cobalt acetate sol-
ution. The mixture was kept under constant stirring at 343 K
for 1 h and then tetramethylammonium hydroxide (TMAOH;
25 wt % in water) was added drop-wise. The slurry was kept
under stirring for a few hours. Then cetyltrimethylammonium
chloride (CTAC; 25% in water) was added drop-wise and stir-
red for another 12 h. The pH was maintained at 10 with a final
molar gel composition of: 0.96 Al,O;P,050.08 Co0:0.5
(CTA),0:1.25 (TMA),0:70 H,O ([Al+P]/Co=50). It was
then transferred into a Teflon-lined autoclave and heated for
crystallization at 373 K for 72 h. The resultant solid product
was washed repeatedly with distilled water, filtered and dried
at 343 K for 12 h. The as-synthesized samples were then cal-
cined at 823 K for 1 h under flowing N,, followed by 2 h in O,.

CTH Reaction Procedure

In a typical CTH reaction procedure, the substrate (20 mmol)
and KOH pellets (20 mmol) dissolved in 20 mL of 2-propanol
(20 mL) were stirred in the presence of 100 mg of the catalyst.
The mixture was then refluxed at 356 K for 2—6 h depending
upon the substrate. The resulting products were analyzed using
a gas chromatograph (Eshika) fitted with an OV-101 column.
In order to check the reusability of the catalyst, the filtered cat-
alyst was washed with acetone for several times followed by
washing with water to remove alkali, if any present. The fil-

tered residue was then activated at 373 K for 6 h, and the acti-
vated catalyst was used for the recycling studies. Furthermore,
the reaction was carried out with the filtrate solution so as to
check the leachability of the active metal ions from the matrix.
In addition, quenching studies were also performed with the fil-
trate obtained under the reaction (hot) conditions.

Product Isolation

In atypical isolation procedure, after the reaction is completed,
the reaction mixture was filtered out and the filtrate was wash-
ed several times with distilled water in order to remove the
base, which resulted in the formation of an emulsion. The crude
product was extracted from this emulsion with CH,Cl,, dried
over anhydrous Na,SO,, and the excess solvent was removed
under reduced pressure. This was further subjected to column
chromatography to isolate the pure products.

References

[1] M. Bartok, A. Molnar, The Chemistry of Double-bonded
Functional Groups, S. Patai (Ed.), Wiley, New York,
1997, pp. 844.

[2] V. Ponec, Appl. Catal. A: Chem. 1997, 149, 27.

[3] R. L. Augustine, Catal. Today 1997, 37, 419.

[4] M. Visintin, R. Spogliarich, J. Kaspar, M. Graziani, J.
Mol. Catal. 1984, 24, 277.

[5] R. W. Johnstone, A.H. Wilbey, 1. D. Entwistle, Chem.
Rev. 1985, 85, 129.

[6] M. Gargano, V. D’orazio, N. Ravasio, M. Rossi, J. Mol
Catal. 1990, 58, L5.

[7] G. Szollosi, M. Bartok, J. Mol. Catal. A 1999, 148, 265.

[8] S. K. Mohapatra, S. U. Sonavane, R. V. Jayaram, P. Sel-
vam, Tetrahedron Lett. 2002, 43, 8527.

[9] S. K. Mohapatra, S. U. Sonavane, R. V. Jayaram, P. Sel-
vam, Org. Lett. 2002, 4, 4297.

[10] S. U. Sonavane, S. K. Mohapatra, R. V. Jayaram, P. Sel-
vam, Chem. Lett. 2003, 32, 142.

[11] S. K. Mohapatra, P. Selvam, Top. Catal. 2003, 22, 17.

[12] P. Gallezot, Handbook of Heterogeneous Catalysis, Wi-
ley, New York, 1997, Vol. 5, p. 2209.

[13] C. F. Graauw, J. A. Peters, H. van Bekkum, J. Huskens,
Synthesis 1994, 1007.

[14] F. Quignard, O. Graziani, A. Choplin, Appl. Catal. A
1999, 182, 29.

[15] T. L. Ho, G. A. Olah, Synthesis 1977, 169.

[16] J. C. van der Waal, P. J. Kunkeler, K. Ta, H. van Bekkum,
J. Catal. 1998, 173, 74.

[17] E. J. Creyghton, R.S. Downing, J. Mol. Catal. A 1998,
134, 47.

[18] G. Zassinovich, G. Mestroni, Chem. Rev. 1992, 92, 1051.

544 © 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

asc.wiley-vch.de Adv. Synth. Catal. 2004, 346, 542-544



