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MILD REDUCTION OF a&UNSATURATED KETONES AND ALDEHYDES 
mI-I AN OXYGEN-ACTIVATED PALLADIUM CATALYST 
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Department of Chemistry University of Ottawa 
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Sum: Reaction of the bmuclear palladium complex, [(R$II)PdPR~2, where R=t-Bu, with oxygen 

gives a very efficient catalyst for the hydrogenation of a&unsaturated carbonyls. 

The selective hydrogenation of the carbon-carbon double bond of a,$-unsammted ketones and alde- 

hydes is an important goal ln organic chemistry. 1 One strategy for effecting this transformation involves the 

use of metals or metal complexes as catalysts. Although good results can be achieved , especially for 

ketones, using metallic Pd as the catalyst, extensive studies have also been performed on homogeneous 

systems.1-3 It is a well known fact that problems can arise, using heterogeneous catalysts, when the substrates 

are sensitive to hydrogenolysis or isomerixation. Moreover, the effectiveness of such catalysts is strongly 

influenced by many factors such as the method of catalyst preparation, source of metal, solvent, amount of 

catalyst utilized, etcP 

Diiemnt catalytic systems have been used in recent years. For example, the hydride cluster, 

[(Ph3P)CuH&, was found to be a versatile catalyst for the reduction of both a$-unsaturated ketones5 and 

aldehydes6, affording the saturated carbonyl compounds in good yield and selectivity, under a high pressure 

of hydrogen. Good results have also been obtained using (Cy3P)2Rh(H)(Cl)2 under biphasic conditions.7 

Other recent results include the use of Rh(I)/tris(m-sulfophenyl)phosphine trlsodium salt,* and 

PdCl,/ferrocenylamlne sulfide complexes .9 These systems also require hydrogen pressure and high 

temperatures. Low yields and low chemoselectlvities have been reported using Ru&O)rz/phosphine or 

phosphite complexes as catalysts for the reduction reactlon.1o 

We now wish to report the selective hydrogenation of the carbon-carbon double bond of 

a&unsaturated ketones and aldehydes under very mild conditions, by use of a new class of palladium 

complexes, containing bulky bridging and terminal phosphine ligands, as catalyst precursors. Specifically, 

complex 1”. containing bridging P(t-Bu& and terminal P(t-Bu&H units, was evaluated as the catalyst for 

the noted conversion. 
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In a typical reaction, 1.5 mm01 of 2-methyl-2-cyclopenten-1 one was quantitatively transformed into 

2-methylcyclopentanone in the presence of 2% of 1 in tetrahydrofuran (THF) after reaction for 10 hours at 

room temperature under 10 psi of hydrogen (glass autoclave). Unfortunately the reaction was erratic, 

sometimes affording the saturated ketone in excellent yield while little or no reaction occur4 on other 

occasions. By a careful examination of the reaction conditions it was discovered, surprisingly, that the 

catalyst was not 1, but an active species generated by reaction between 1 and traces of oxygen, present in the 

apparatus whenever purging with hydrogen was incomplete. 

A yellow solution, obtained by bubbling oxygen through a suspension of 1 in THF and stirring 

overnight, was found to be an extremely active catalyst for the reduction. Using this catalytic system, 

quantitative conversion of 2-methyl-2-cyclopenten-l-one was achieved in only two hours, at 10 psi of HP 

The result was reproducible. In contrast, when the procedure was carried out using standard Schlenk 

techniques (rigorous exclusion of oxygen), no reaction was detected even after 18 hours under 10 psi of 

hydrogen. 

The reduction of 2-methyl-2-cyclopenten-l-one, catalyzed by the complex generated from 1 and 

oxygen, could be affected in 98% yield, after six hours at room temperature under one atmosphere of 

hydrogen (compared to two hours at 10 psi of hydrogen). These conditions wete applied with success to 

a&unsaturated ketones and aldehydes, and the results am listed in Table 1. Excellent results were obtained 

from ketones containing a di- or trisubstituted double bond, using l-2% of 1. The trisubstituted aldehydes, 

2-methyl-2-butenal and 3-methyl-2-butenal, wete also reduced chemosgecifically at the double bond 

affording 2-methylbutanal and 3-methylbutanal in 95% and 90% yield, respectively. Cinnamaldehyde and its 

a&methyl analogue wm also hydrogenated in good yield, but both the saturated aldehyde and alcohol were 

formed in these reactions. It is well known that unsaturated aldehydes, containing a phenyl group in 

conjugation, can undergo quite facile carbonyl as well as double bond reduction.12 Finally, pbenxoquinone 

was converted to hydmquinone under the reaction conditions, aromatization being an apparent driving force 

for this reaction.13 

The following procedure for 3-nonen-2-one is representative: the catalyst was ptepated by adding 

0.024 g (0.03 mmol) of 1 to THF (5 mL) in a standard Schlenk flask; the suspension was saturated with 

oxygen by bubbling the gas for two minutes through the solution, and stirring overnight at room temperatute 
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TABLE 1 Reduction of a,&Unsaturatcd Carbonyls Catalyzed by the 

Complex Generated from 1 and Oxygen.” 

Entry Subs- 
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6 

18 
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90 
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0 
H 
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6 \-( (95) 
CHO 

7 - t\ 
CHO 

6 h (90) 
CHO 

8 Ph-CHO 14 

15 

3 

Ph 
-CH0 + Ph*CHzOH 80 

44 : 56d 

gph/ Jl CHO 
0 

u c!110+ Ph&OH 84 3 

10 
0 
I I 

0 

35 : 65d - 
‘OH 

0 0 84 

OH 

%e text for the general procedure. bProducts were identified by comparison of spectral 
+a (lR, NMR. MS) and GC rcte?tion times $th @se for au$entic materials. 

Isolated yielda except fiod figutes m patentis whtch am GC yields determined using 
an internal stadard. Ratio determined by NMR. 
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affording a clear yellow solution. The same flask was then evacuated and fIlled with hydrogen (one 

atmosphere). The substrate (0.21 g., 1.5 mmol) was then added and the reaction was monitored by 

gas-chtomatography. After 10 hours, the reaction mixtum was filtered @elite) and the filtrate was 

concentrated by rotary evaporation. The pure product (0.206 g., 97%) was isolated by Kugehohr distillation 

and characterized by IR, ‘H NMR, and mass specnometry. 

In conclusion, the reaction of 1 with oxygen gives a complex which, although it has eluded isolation, is 

an excellent catalyst for the reduction of the double bond of unsaturated ketones and aldehy&s. 
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