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While these microwave-assisted hydrogenation reactions

Abstract: A generally applicable method for the introduction of _. . i,
gaseous hydrogen into a sealed reaction system to perform hy e good yields of the reduced product, the additional

genation reactions under microwave irradiation has been devB¥drogen donor reagent typically increases the purifica-
oped. Several different types of substrates are easily reducedi®n necessary for the reaction. Gaseous hydrogen is a
short reaction times with moderate temperatures between 80 °C @ndre suitable hydrogen donor as it requires no additional
100 °C with 50 psi of hydrogen. The use of simultaneous cooling fsurification step for its removal, but getting the hydrogen
also applied to the hydrogenation of more difficult substrates. gas into the reaction vessel can be challenging. There are
Key words: hydrogenations, microwave, palladium, reductionsa few examples of dechlorinationeactions and hydro-
simultaneous cooling genation reactiofiperformed in a microwave reactor that
use hydrogen gas, but these methods are not generally
applicable for introducing the gaseous reagent to the reac-
Hydrogenation is one of the most powerful transformdion vessel and for performing these reactions.

tions in synthetic chemistry. An astounding number of simple system has been developed for the introduction
natural product syntheses involve at least one hydrgrhyqrogen gas into a sealed microwave reaction system.
genation step. These reactions often require long reactipgy set-up provides both fiber optic temperature control
times to affect complete conversion to product. 1B pressure feedback confidls a model reaction, the
addlt[on, hydrpgenatlon reactions can also require harg drogenation ofranstrans-1,4-diphenyl-1,3-butadiene
reaction conditions such as high pressures and/or tefjl;q performed with the gaseous reagent addition system.
peratures. Using the ideal gas law, the amount of hydrogen neces-
Over the past 20 years, the area of microwave chemistigry for complete conversion to product is about 45 psi.
has become a powerful method for performing challengach of these reactions was performed by charging the
ing reactions in shorter amounts of time with higher yieldgaction vessel to 50 psi to give only a slight excess of
and purity* As with several other types of metal-catahydrogen gas resulting in minimal waste.

lyzed reactions, hydrogenation reactions also benefit frofip,o hydrogenation of dieriawvas initially performed with

the use of microwave irradiation to accelerate the reactigi|adium on carbon in ethanol, a standard catalyst and
and improve yields. Unlike conventional hydroggnatioEoNem system for hydrogenation reactions. When the

methods that rely on gaseous hydrogen, reactions pgls ion was performed at 80 °C, 78% conversion to prod-

formed in a microwave typically require the addition of @t yyas obtained (Table 1). Increasing the temperature to
reagent that will generate the hydrogen gas in situ or Wi ¢ neijther increased nor decreased the conversion of
transfer hydrogen directly to the substrate. Ammoniuge reaction. Interestingly, a further increase in tempera-

formate is the most common hydrogen donor used ffie 15 120 °C saw a decrease in the conversion to 21%,
microwave-assisted hydrogenation reactibrhe dis- o increasing the temperature even further to 150 °C re-
advantages of using ammonium formate in a sealgfjied in almost no conversion to product. This unusual

microwave reaction vessel are the development of hi%‘mperature trend was unexpected and is an area of
pressures due to the generation of carbon dioxide and the\tinued research.

sublimation of the ammonium formate at elevated tem- o )
peratures. In addition, an excess of the ammonium fof(ith the optimized temperature, different solvents were

mate is typically necessary to drive the reaction tgxplored for the hydrogenation reaction. As p_reviously
completion causing the need for additional purificatiorfiScussed, when the reaction was performed in ethanol,
Other hydrogen donors that have been reported in micrf7e conversion was observed. Changing the solvent to
wave-assisted hydrogenations include solid-support€§1Y! acetate, another common solvent for hydrogenation

formates? sodium formatd isopropanol for ketone reduc- "€actions, improved the conversion to >99% (Table 2).
tions? and sodium borohydride for imine reductiéns.  1he reaction was also performed with both tetrahydro-
furan and dichloromethane, but low conversions were

obtained. Toluene gave good conversion to product, but it
SYNLETT 2007, No. 1, pp 0131-0135 also presented some distinct disadvantages to the other
Advanced online publication: 20.12.2006 solvents. Toluene does not suspend the palladium on
DOI: 10.1055/s-2006-958428; Art ID: S16106ST carbon as well as the other solvents, and as a result small
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Tablel Temperature Study Table3 Catalyst Concentration Studly
UG ITRN L pen g
O EtOH, MW E/ O EtOAc O
- ? 1 80 T, MW 2

T ° i 0,

emp (€) Conversion (%) Catalyst concentration (mol%)  Conversion %)

% e 10 >99
100 78 s o
120 21 X o
150 2 ) o
ZzConc)Jitions.:l (0.5 mmol), Pd/C (10 mol%), H50 psi), EtOH  Conditions: (0.5 mmol), H (50 psi), 80 °C, EtOAC (2 mL). 5 mi
2 mL), 5 min. b Ns.. (Y. ) , , )
b Determined by GC. Determined by GC.

amounts of the catalyst can stick to the sides of the reg@me temperature, pressure, and time were used in the oil
tion vessel which can produce arcing in the microwaJeath experimentl] (0.5 mmol), Pd/C (1 mol%), H(50
field.1° This arcing will etch the glass vessel, and capsi), 80 °C, EtOAc (2 mL), 5 min hold], and careful
result in vessel failure. Therefore, toluene is not recorgontrol of the temperature profiles ensured accurate repro-
mended as a solvent for these hydrogenation reactionslagtion of the reaction conditions (Figure 1). The hydro-

high concentrations of catalyst loading. genation performed in the microwave resulted in
complete conversion to product, while the reaction per-
Table2 Solvent Screeh formed in the oil bath resulted in only 55% conversion.
These results indicate that the microwave does indeed
S A O Pd/C, H, )@ accelerate the reaction and has an influence on the out-
O solvent ©/\A come of the hydrogenation reaction.
1 80 T, MW 2
Solvent Conversion (%) 90
80 -
EtOH 78
__ 70
EtOAc >99 g 60 4
D
THF 6 5 501
]
Toluene 89 g 407
S 30-
CH,Cl, 2 = _
20 A = MiCrowave
aConditions:1 (0.5 mmol), Pd/C (10 mol%), H50 psi), 80 °C, 10 4 oil bath
solvent (2 mL), 5 min.
b Determined by GC. 0 - : . :
0 100 200 300 400

All of these initial studies were performed with high cata L

lyst concentrations. To make this a more environmentalyy re 1 Temperature profiles for the hydrogenation of diérie
friendly and cost effective process, lower amounts ®bth the microwave and oil bath.
catalyst were explored for the hydrogenation of diene

As shown in Table 3, catalyst concentrations as low asyis, the optimized conditions for the hydrogenation of
mol% can be used with no detrimental effect to the co

. Thi | . q limited Biene1, the hydrogenation of various other unsaturated
versions. This catalyst concentration study was limite Y¥mpounds was explored (Table 4). Conjugated alkénes

the small amounts of palladium on carbon required for'tt!)j‘(;ld4 were each hydrogenated in three minutes to give
1 mol% reaction, and even lower amounts of palladiufier than 999 yield (entries 2 and 3). Non-conjugated
catalyst can likely be used. alkenes (entries 4 and 5) can also be reduced in short re-
To ensure completeness of this microwave-assisted faetion times to give excellent conversidh3risubstitut-
drogenation study, a direct comparison was made betwesholefins can be hydrogenated in five minutes as well at
the microwave method and conventional heating. Th&0 °C to give 99% vyield (entry 6),B-Unsaturated ketone
was achieved by performing the hydrogenation of diene8 required slightly harsher conditions to give the desired
under reaction conditions, identical to those used in thgdrogenated product, but none of the 1,2-reduced prod-
microwave reactions, in a preheated oil bath. The exagtt was observed (entry 7). In addition to olefins, alkynes
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can be hydrogenated quickly and in high yield. Phenythoved in five minutes to give the deprotected proline in
acetylene ) was hydrogenated to give ethylbenzene iaxcellent yield (entry 10). Lastly, a reductive amination
>99% conversion while diethylacetylene dicarboxylatbetween benzaldehyde and aniline gave 89% vyield of the
(10) gave >99% vyield of the desired product (entries 8 amlsiredN-benzylaniline (entry 11).

9). A carbobenzyloxy protecting group was easily re-

Table4 Hydrogenation of Various Substrétes

Entry Substrate Temp (°C) Time (min) Yield (%)

1 80 5 >99
AL
2 /@ 80 3 >99

3 0 80 3 >909
WOMe
4

4 P Ve e e 80 > >99
5

5 O 80 10 >99
6

6 Me 80 5 99

OH
|

Me Me
7

7 100 20 89

8
8 . 80 5 >99
9
O

80 3 >99

10 le) o 80 5 >99

11
11 ©AO /@ 80 3 98
H,N
12a 12b

@ Conditions: substrate (0.5 mmol), Pd/C (1 mol%,) (%0 psi), EtOAc (2 mL).
b |solated yield.
¢ Conversion based on GC analysis.
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Each of the reactions described above proceeded smoatlso be used for the hydrogenation of pyridine derivatives
ly in as little as three minutes to give the desired productss outlined in entry 4. The treatment of picolinic a¢®) (
Unfortunately, when the same reaction conditions wereith platinum oxide in the presence of hydrogen gas at
applied to the hydrogenation of nitrobenzene, only 70%00 psi gave the desired pipecolic acid in excellent yield
yield could be obtained after 10 minutes at 80 °C. Withfter only 10 minutes. Lastly, the hydrogenation of cho-
these reaction conditions, only a small amount of powbsterol 7) was explored. The reaction was performed at
(<10 W) was required to maintain the temperature 80 °C with simultaneous cooling for 5 minutes to give
80 °C. To get more energy into the reaction mixture, thagh yield of the reduced product. When the exact same
use of simultaneous cooling was explotédvhen the reaction was performed in the previously described
same hydrogenation reaction of nitrobenzene was p@reheated oil bath at 80 °C, only 3% isolated yield was
formed at 80 °C with simultaneous cooling, ca. 100 W afbtained (entry 6). This clearly demonstrates that the rate
power was continuously added to the reaction mixturenhancement for the hydrogenation of the cholesterol is
This increase in the amount of power in the reactiamot solely based on the temperature of the reaction
resulted in complete conversion to product to give 85%ixture, and that the microwave is necessary to observe
isolated yield of the desired aniline (Table 5, entry 1). complete hydrogenation.

Other nitrobenzene derivatives also benefited from ti&everal different examples have been presented that de-
use of simultaneous cooling. 4-Fluoronitrobenzelyy ( monstrate the utility of microwave promoted hydrogena-

was hydrogenated using simultaneous cooling to givetian reactions using a system designed for the use of
high yield of the corresponding aniline derivative. The hygaseous hydrogen. Each of the reported examples pro-
drogenation of hindered nitrobenzetie also proceeded ceeds in a short reaction time at moderate temperature and
in 15 minutes to give nearly quantitative yield of the depressure (80—100 °C and 50—-100 psi). The chemistry also
sired aniline compound. The simultaneous cooling caran greatly benefit from the use of simultaneous cooling

Table5 Hydrogenations with Simultaneous Coofing

Entry Substrate Temp (°C) Time (min) Yield (%)
1 ©/N02 80 10 85
13
2 /©/N02 80 15 >99
F
14
3 Me 80 15 >99
S
Me
15
4 N 80 10 >99
| OH
N
o]
16
5 Me, 80 5 >99

80 5 3

a Conditions: substrate (0.5 mmol), Pd/C (1 mol%)(%0 psi), EtOAc (2 mL), simultaneous cooling.
b |solated yield.

¢ Conditions:16 (0.5 mmol), Pt@ (10 mol%), H (100 psi), EtOH (2 mL).

d performed in an oil bath at 80 °C.
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in reactions that require higher power levels to achieve(7) (a) Wada, Y.; Yin, H.; Kitamura, T.; Yanagida,Ghem.
complete hydrogenation. Work is in progress to apply this

system to other functional group hydrogenations as wel
as to extend the method to more complex hydrogenatio

reactions.
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