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Abstract—Carbonyl groups conjugated with aromatic systems can be selectively converted into methylene ones under extremely
mild conditions and without the need of any acidic additive over a heterogeneous Cu/SiO, catalyst.

© 2005 Elsevier Ltd. All rights reserved.

In fine chemicals synthesis, the elimination of functional
groups may be as useful as their introduction. In partic-
ular, the carbonyl to methylene conversion is especially
useful to convert polyfunctional natural products into
useful building blocks or into bioactive molecules' or
to convert Friedel Crafts acylation products into less
easily accessible alkylation ones.?

Traditional Clemmensen and Wolff-Kishner reductions
require very drastic reaction conditions and also cata-
lytic hydrogenolysis over Pd takes place in the presence
of HCL>* A number of milder direct and indirect meth-
ods have been proposed involving the wuse of
sodium(cyano)borohydride,® borane,® LAH,” trialkylsil-
anes® and hydrosiloxane-borane combinations.” Most
of these methods require acidic conditions including
the use of protic acids, mainly CF;COOH, and a variety
of Lewis acids. Metallic selenium with CO and water!'®
and polyoxometallates under severe hydrogenation con-
ditions'! can also be used. Recently, the use of supercrit-
ical 2-propanol has been proposed.'?

We recently reported a very mild procedure for the selec-
tive hydrogenation of aryl ketones to alcohols over Cu/
Al,05.13 Here, we wish to report that only by changing
the catalyst support and the activation temperature we

Keywords: Copper catalysts; Carbonyl to methylene conversion;

Aromatic ketones; Deoxygenation; Defunctionalization; Selective

hydrogenation.

* Corresponding author. Tel.: +39 02 5031 4382; fax: +39 02 5031
4405; e-mail: n.ravasio@istm.cnr.it

0040-4039/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2005.09.041

can easily switch the selectivity towards methylene
formation.

First, we tried to combine the hydrogenation activity of
the metal with a support showing acidic activity such as
Si0, modified with small amounts of Al,O3 or ZrO,.
These two materials have proved to be effective Lewis
acid catalysts for the isomerization of o-pinene epox-
ide.'* Moreover, Cu deposited on SiO»-Al,O; was
found to be a bifunctional catalyst for the direct conver-
sion of limonene oxide into carvenone!> and Cu on
Si0,-ZrO, for the direct transformation of o,B-unsatu-
rated ketones into bicyclic ethers.!® When tested in the
deoxygenation of fluorenone, the first one exhibited a
poor selectivity while Cu/SiO>-ZrO, was found to be
an effective catalyst (Table 1).

However, the use of an acidic support was found not to
be essential and Cu/SiO, turned out to be the best cata-
lyst for this transformation.

Selected results are reported in Table 2.

These data suggest that the reaction proceeds through a
carbocationic intermediate. The richer the incipient

Table 1. Reductive deoxygenation over different copper catalysts®

Entry t (h) Catalyst Conv (%) Sel (%)
1 1.5 Cu/SiO,-AL O3 100 48
2 2 Cu/Si0,-Zr0, 100 91
4 2 Cu/SiO, 100 100

@ Substrate: fluorenone, toluene, 90 °C, 1 atm H,.
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Table 2. Reductive deoxygenation of different substrates with Cu/SiO, (toluene, 90 °C, 1 atm H,)

Entry Substrates Product t (h) Conv (%) Sel (%)
(o]
/ O’ (a) 2 100 100
1 O’Q Q (b) 10° 100 100
Q
2 0.0 0.0 6 100 100
(o]
OH
(0]
5 /©/\ R = isoBu 2 92 89
R R = NH, 35 98 65
R
(0]
(0]
7 1 100 90
H,CO
H,CO
(0]
8 Cé E:(j 24 93 87
(0] OH
9 CET OO/ 48 84 97
(0]
10 10 100 100

O

#Reaction carried out with cat/substrate = 1/5 wt/wt.

carbenium ion in the electrons the fastest will the reac-
tion be, although steric effects also play a role. The
hypothesis of a reduction—-dehydration-reduction mech-
anism can be ruled out from the comparison between o-
and B-tetralone (entry 8 vs 9). Thus, when the carbonyl
group is alpha to the aromatic ring it can be converted
into methylene whereas when it is beta, that is, no more
in benzylic position, it can only be reduced to alcohol.
Moreover, although formation of the carbinol interme-

diate is sometimes evident during reaction, the corre-
sponding olefin has never been detected.

On the other hand, diphenylcarbinol under the same
reaction conditions gives diphenylmethane in 90% yield
(entry 4).

Selectivity is also very high for polycyclic substrates,
while acetophenones, particularly when containing elec-
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tron donor substituents, give also some condensation
compounds (entry 5). The specific reduction of 9,10-
anthraquinone to 9,10-dihydro-anthracene is worth
highlighting as this reaction usually gives mixture of
products.'!-12

Entry 1b shows that the catalyst/substrate ratio can
be conveniently reduced to 1/5 without loss in
productivity expressed as mmolp;oq/gca h. However, a
further decrease in the ratio results in much slower
reactions.

This work shows that the use of Cu/Al,O; or Cu/SiO,
represents a powerful catalytic switch in the reduction
of aromatic ketones. Thus, preparation of the material
using Al,O; as the support and pre-reduction at
180 °C result in a very mild catalyst showing excellent
selectivity towards formation of the corresponding
alcohols without the need of any basic additive.!?
On the other hand, by only changing the support
and rising the activation temperature to 270 °C it is
possible to obtain a catalyst that selectively converts
aromatic carbonyl groups into methylene ones under
very mild conditions and without the use of any acidic
additive.

Both catalysts can be prepared in a simple way and
are not pyrophoric nor pyrogenic even in their
reduced form. Their heterogeneous nature and very high
selectivity avoid formation of inorganic and organic
wastes.

Catalyst preparation: 20 g of SiO, (Grace Davison,
BET =320 m?%/g, PV=1.79mL/g) was added to a
[Cu(NH;)4*" solution prepared by adding NH,OH to
a Cu(NO3),-3H,0 solution (8 g in 50 ml) until pH =9.
After 20 min under stirring, the slurry held in ice bath
was slowly diluted to allow hydrolysis of the copper
complex and deposition of the finely dispersed product
to occur. The solid was separated by filtration, washed
with water, dried overnight at 120 °C and calcined in
air at 350 °C for 4 h. Before reaction, the catalyst ob-
tained (Cu = 8% by weight) was reduced at 270 °C with
H, (1 atm) before use, removing water formed under re-
duced pressure.

Experimental conditions: A solution of the substrate
(100 mg) in toluene (8 mL) was transferred under N,
in the reaction vessel containing the catalyst previously
reduced (100 mg). Catalytic tests were carried out at
90 °C at atmospheric pressure of hydrogen under
magnetic stirring. Reaction mixtures were analyzed
by GC (5% phenyl-95% methylpolysiloxane capillary
column, 30 m), GC-MS and by '"H NMR.

References and notes

1. Baumann, K.; Knapp, H.; Strnadt, G.; Schulz, G.;
Grassberger, M. A. Tetrahedron Lett. 1999, 40, 7761-
7764.

2. Ketcha, D. M.; Lieurance, B. A.; Homan, D. F. J. J. Org.
Chem. 1989, 54, 4350-4356.

3. Lee, W.Y.; Park, C. H.; Kim, H. J.; Kim, S. J. Org. Chem.
1994, 59, 878-884.

4. Studer, M.; Burkhardt, S.; Indolese, A. F.; Blaser, H.-U.
Chem. Commun. 2000, 1327-1328.

5. Lau, C. K.; Tardif, S.; Dufresne, C.; Scheigetz, J. J. Org.
Chem. 1989, 54, 491-494, and references cited therein.

6. Wei, T.; Lan, Y.; Xu, J. Heteroatom Chem. 2005, 16, 2-5,
and references cited therein.

7. Nystrom, R. F.; Berger, C. R. A. J. Am. Chem. Soc. 1958,
80, 2896-2898.

8. West, C. T.; Donnelly, S. J.; Kooistra, D. A.; Doyle, M. P.
J. Org. Chem. 1973, 38, 2675-2681, and references cited
therein.

9. Chandrasekhar, S.; Raji Reddy, Ch.; Nagendra Babu, B.
J. Org. Chem. 2002, 67, 9080-9082, and references cited
therein.

10. Nishiyama, Y.; Hamanaka, S.; Ogawa, A.; Kambe, N.;
Sonoda, N. J. Org. Chem. 1988, 53, 1326-1329.

11. Kogan, V.; Aizenshtat, Z.; Neumann, R. Angew. Chem.,
Int. Ed. 1999, 38, 3331-3334.

12. Hatano, B.; Tagaya, H. Tetrahedron Lett. 2003, 44, 6331-
6333.

13. Zaccheria, F.; Ravasio, N.; Psaro, R.; Fusi, A. Tetrahe-
dron Lett. 2005, 46, 3695-3697.

14. Ravasio, N.; Zaccheria, F.; Guidotti, M.; Psaro, R. Top.
Catal. 2004, 27, 157-168.

15. Zaccheria, F.; Psaro, R.; Ravasio, N.; De Gioia, L.
Catalysis of organic reactions. In Chemical Industries
Series; Ford, M. E., Ed.; Marcel Dekker: New York, 2001;
pp 601-608.

16. Ravasio, N.; Antenori, M.; Babudri, F.; Gargano, M.
Tetrahedron Lett. 1997, 38, 7103-7106.



	Heterogeneous Cu-catalysts for the reductive deoxygenation of aromatic ketones without additives
	References and notes


