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Summary: The catalytic transfer hydrogenation of ben- 
zaldehyde catalyzed by (carbony1)chlorohydridotris- 
(triphenylphosphine)ruthenium(II) was carried out in a 
sealed Teflon vessel using a household microwave oven 
as the heat source. Carrying out the reaction in the 
microwave oven produced an improvement in the average 
catalytic turnover rate from 280 to 6700 turnoverslh in 
comparison with traditional reflux heating. 

Introduction 
The past decade has witnessed the introduction of the 

microwave oven to the chemical laboratory. The early 
uses of the microwave oven focused on the area of analytical 
chemistry where the microwave oven is primarily used to 
rapidly prepare samples for further analysis.l More 
recently, studies of the effect of a microwave oven on 
reaction chemistry such as the recent report by Landry 
and Barron of the solid state synthesis of CuInS2 have 
received increasing attention.2 This note describes the 
examination of an organic reaction that is catalyzed by a 
transition metal compound. In this study, we examined 
the effect of using microwave radiation as a heat source 
upon the catalysis of the reaction. 

The specific reaction described herein is the catalytic 
transfer hydrogenation of benzaldehyde. This note com- 
pares the catalytic activity of RuHCl(CO)(PPh3)3 for the 
transfer hydrogenation of benzaldehyde under three 
heating conditions. The three heating methods examined 
were traditional heating to reflux with a heating mantle, 
intermittent heating in a microwave oven, and persistent 
heating in the microwave oven. The specific transfer 
hydrogenation reaction studied was originally reported 
by Watanabe and co-workers and is shown in Scheme 1.3 
The catalyst promotes the transfer of two hydrogen atoms 
from formic acid to benzaldehyde to give benzyl alcohol. 
Because formic acid is still present as the benzyl alcohol 
is formed, a secondary esterification occurs, giving benzyl 
formate. The microwave oven reactions were carried out 
in a sealed microwave digestion vessel setup like the one 
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Figure 1. Photograph of the Teflon digestion vessel setup 
used in the microwave oven reactions.. 

Scheme I 
PRIMARY REACTION 

0 0 

CaL = RUHO(CO)(PPh ) 
3 3  

SECONDARY REACTION 

0 0 

shown in Figure 1. The setup shown in Figure 1 includes 
a 140-mL vessel with a pressure release valve connected 
to a relief vessel. 

Experimental Section 

All the reactions compared here were run in the absence of 
solvent with the same relative mole ratios of formic acid:RuHCl- 
(CO)(PPh& = 1.76 X lo3, benzaldehyde:RuHCl(CO)(PPh3)3 = 
781, and formic acid:benzaldehyde = 2.25. 
Reagents. The RuHCl(CO)(PPh& catalyst was prepared 

according to the published procedure.' Benzaldehyde and formic 
acid (96 % ) were purchased from Aldrich Chemical Co. and used 
without further purification. 
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Synth. 1974,15,45. 
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Table 1. Percent of Primary and Secondary Benzaldehyde 
Hydrogenation Products from a Refluxing Reaction Mixture 

Containing 7.40 mL of Formic Acid, 8.50 mL of 
Benzaldehyde, and 0.1006 g of RuHCI(CO)(PPhd 

Conventional Heating. In a typical reaction, 7.40 mL of 
formic acid and 8.50 mL of benzaldehyde were added to 
0.1006 g of RuHCl(CO)(PPh& under nitrogen. The reaction 
mixture was mantle heated at reflux for 3 h. Periodically, aliquota 
were removed by syringe for analysis by NMR. 

Microwave Heating. All microwave heating was carried out 
in a Samsung MW5510 microwave oven producing microwave 
radiation with a frequency of 2450 MHz. This microwave oven 
is a 600-W oven with power settings of 0-10. The power setting 
10 uses the full 60 W of power while a setting of 5 would correspond 
to an average powder of 300 W. A 250-mL beaker half full of 
water was kept in the microwave oven to ensure the presence of 
sufficient microwave absorbing material to avoid damaging the 
magnitron tube. It was determined by heating samples of 
benzaldehyde and formic acid separately that both of these 
materials absorb microwave radiation at 2450 MHz, resulting in 
a rapid temperature rise. 

Intermittent Microwave Heating. Here, 0.0510 g of catalyst, 
3.70 mL of formic acid, and 4.25 mL of benzaldehyde made up 
a typical reaction mixture. The reaction mixture was sealed in 
a Teflon digestion vessel under a nitrogen atmosphere. The 
mixture was heated in the microwave oven at power level 5 (on 
a scale of 0-10) for 2.00 min. The vessel was removed and cooled 
in an ice bath to reduce the internal pressure before opening to 
remove an aliquot for analysis. The vessel was then resealed 
under Nz and the heating, cooling, and aliquot removal cycle 
repeated. 

Continuous Microwave Heating. The reaction mixture was 
prepared in the same way as for the intermittent heating. The 
key difference is that a single longer sustained microwave heating 
period was used. The effect of variations in the power level was 
examined by using power levels of 2, 4,6, and 8. The effect of 
volume was determined by preparing a sample with the mole 
ratios listed above and placing sample volumes ranging from 4 
to 16 mL in the reaction vessel. 

Control Reactions. Control reactions were run in which the 
reaction was carried out with the catalyst but without heat and 
in the absence of catalyst but with heat (both with conventional 
heating and in the microwave oven). These reactions demon- 
strated that the primary reaction in Scheme I will only occur in 
the presence of both heating and a catalyst while the secondary 
esterification requires neither. 

NMR Analysis. The aliquots from the reactions were 
analyzed by dissolving them in acetone-& and recording a 
spectrum on a Varian EM360A NMR spectrometer. The key 
resonances used for the analysis were the aldehyde resonance of 
benzaldehyde at 9.95 ppm, the methylene resonance of benzyl 
alcohol at 4.51 ppm, and the methylene resonance of benzyl 
formate at 5.15 ppm. By integrating these key resonances, the 
percentage of benzaldehyde that had been hydrogenated was 
determined. 

Results and Discussion 

Both of the microwave heating methods catalyzed the 
transfer hydrogenation reaction more rapidly than con- 
ventional reflux heating. For example, after 10 min of 
refluxing, 6 % of the benzaldehyde was hydrogenated. After 
10 min of microwave heating in 2-min intervals, 19% of 
the benzaldehyde was hydrogenated. After 10 min of 
continuous microwave heating, 100 % of the benzaldehyde 
was hydrogenated. The data from the analyses of the 
aliquots from the conventional and intermittent microwave 
heating methods are shown in Tables I and 11, respectively. 
Repeated runs of the continuous microwave heating 
method (using several catalyst batches) showed that 7 min 
of irradiation produces complete hydrogenation of the 
benzaldehyde. These data produce average catalyst 
turnover rates of 280lh for the conventional heating 

benzyl formate (%) benzyl alcohol (%) 
time (min) based on benzaldehyde based on benzaldehyde 

10 
20 
30 
45 
60 
90 

120 
180 

6 
12 
13 
17 
22 
36 
55 
51 

0 
a 
a 
a 
a 
3 
9 

47 

a Too small to quantify. 

Table 11. Percent of Primary and Secondary Benzaldehyde 
Hydrogenation Products Produced by Intermittent Microwave 
Heating of a Reaction Containing 3.70 mL of Formic Acid, 

4.25 mL of Benzaldehyde, and 0.0510 g of 
RuHCI(C0) (PPhd3 

benzyl formate (7%) benzyl alcohol (%) 
time (min) based on benzaldehyde based on benzaldehyde 

2 
4 
6 
8 

10 
12 
14 
16 

4 
10 
13 
15 
16 
18 
21 
23 

Too small to be quantified. 

method, 890Ih for the intermittent microwave heating 
method, and 6700lh for the continuous microwave heating 
method. 

In addition to the comparison between conventional 
and microwave heating methods, an evaluation of factors 
affecting the rate of the microwave reaction was under- 
taken. The factors considered were catalyst batch, mi- 
crowave power setting, and volume. 

The first of these factors, the catalyst batch, applies to 
both conventional and microwave heating although the 
effect is more noticeable with microwave heating. Sig- 
nificant differences were observed for the same reactions 
carried out with different catalyst batches, presumably 
due to small differences in the purity of the samples. As 
a result, except where noted, the comparisons made here 
are based on experiments which used samples from a single 
catalyst batch. 

The microwave power setting controls the time averaged 
microwave intensity. Thus, increasing the power setting 
increases the average microwave radiation striking an area 
per unit time. For a given reaction mixture and micro- 
waving time, increasing the power setting dramatically 
increases the percent hydrogenation of the benzaldehyde. 
For example, microwaving a reaction mixture for 5.00 min 
at power level 2 produced 7% hydrogenation of the 
benzaldehyde. An identical reaction microwaved for 5.00 
min a t  power level 8 resulted in 95% hydrogenation of the 
benzaldehyde. This clearly shows a strong dependence of 
the catalytic activity on the microwave intensity. 

The final factor examined was the dependence of the 
catalytic activity on the volume of reaction mixture 
irradiated in the microwave oven. Here, an inverse 
relationship was observed. While the mole ratios of the 
reaction mixture, the reaction time, and the power level 
were kept constant, the volume was varied from 4 to 16 
mL. The percent of hydrogenation products dropped from 
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75% with 4 mL to 19% with 16 mL, showing the inverse 
relationship between the volume and catalytic activity. 

Organometallics, Vol. 12, No. 12, 1993 

Conclusion 

This note describes the effect of microwave heating on 
the catalytic activity of the RuHCl(CO)(PPh3)3 catalyzed 
transfer hydrogenation of benzaldehyde in which formic 
acid serves as the hydrogen donor. The results demon- 
strate that carrying out the reaction in a microwave oven 
increases the rate a t  which this reaction is catalyzed 
considerably. Under the conditions used in this study, 
reaction times were reduced to around 7 min in a household 
microwave oven as compared with 3 h under traditional 

Notes 

reflux conditions. This corresponds to an improvement 
in the average catalytic activity from 280 to 6700 turnovers/ 
h. Further results indicate that the degree of improvement 
decreases as the volume is increased, since there is an 
inverse relationship between volume and catalytic activity. 
This decrease in activity can be counteracted by increasing 
the microwave intensity, which shows a positive correlation 
with catalytic rate. 
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