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Abstract 

The biphasic selective hydrogenation a,#?-unsaturated carbonyl substrates by use of 
(Ir(COD)(PPh,),)PF, in 1 -butyl-3-methylimidazolium hexafluorophosphate (BMIM)(PFJ is des- 
cnbed and compared with the homogeneous system dissolved in pure toluene. 

Rey words: a$-unsaturated aldehydes and ketones; biphasic catalysis; hydrogenation; 
ionic liquid; iridium. 

Hidrogenación de substratos carbonílicos a, /l 
insaturados usando [Ir(COD)(PPh3)2]PF6 en 
1-butil-3-metil-irnidazolin hezaflurofosfato 

Resumen 

La hidrogenación selectiva de sustratos carbonilitos a, /?-insaturados se  llevó a cabo en 
medio bifásico mediante el uso del complejo [Ir(COD)(PPh,),][PF,] inmovilizado en hexafiuoro- 
fosfato de 1-butil-3-metilimidazolio [BMIMIPFG] como precursor catalítico; los resultados se  
describen en comparación con el sistema homogéneo análogo, disuelto en tolueno. 

Palabras clave: a-#?-insaturados; catálisis bifásica; hidrogenación; indio; líquidos 
iónicos; sustratos. 

Introduction is thermodynamically favored over reduc- 

The selective hydrogenation of a$-u- 
nsaturated carbonyl compounds is of inter- 
est in organic synthesis and some of its ap- 
plications to the production of fine chemi- 
cals for the fragrance and pharmaceutical 
industnes (1,2,3). C=C bond hydrogenation 

tion of the C=O bond by about 35 K J  mal-' 
and from a kinetic point of view, the reactiv- 
ity of the C=C bond toward hydrogenation is 
also higher than that of the C=O bond (4); 
these features may be utilized in the devel- 
opment of highly selective catalytic systems. 
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A number of complexes of Ru, Rh and Ir 
have been used a s  catalysts for this impor- 
tant reaction (51. Iridium complexes gener- 
ally display lower activities in comparison 
with those of ruthenium and rhodium and 
they have shown good selectivity for the hy- 
drogenation of a$-unsaturated aldehydes 
under optimum reaction conditions (6). 

Catalyst separation from the products 
is frequently cited as  a major problem in ho- 
mogeneous catalytic processes and one way 
to resolve it is the use of liquid bipbasic cata- 
lysts (7. 8). Indeed. we have prcviously re- 
ported the hydrogenation of trans-cinnama- 
ldehyde in aqueou-biphasic media by use of 
water-soluble Ru and Os complexes contain- 
ing sulfonated phosphine ligands (9. 11). An 
altemative very attractive approach is the in- 
troduction of ionic liquids as  supports for im- 
mobilizing transition metal complexes in liq- 
uid phases: these novel polar solvents pos- 
sess negligible vapor pressure, high stability, 
and the ability to dissolve a variety of organic 
and oganometallic compounds over a wide 
temperature range, al1 of which results in en- 
vironmental advantages of potential indus- 
trial applications ( 121. 

In this  communication we report 
some preliminary data on the hydrogena- 
tion of trans-cinnamaldehyde, 4-phenyl- 
3-buten-2-one, methyl-trans-cinnamate 
and (11-carvone in a toluene/ionic liquid 
biphasic system under moderate reaction 
conditions. by use of a catalyst prepared 
by immobi l iza t ion  of t h e  complex  
[Ir(COD](PPh,),l[PF,l (13) (1) (COD = 1,3- 

cyclooctadiene) in the  ionic liquid 1- 
butyl-3-methylimidazolium hexafluoro- 
phosphate [BMIMI[PF,] (14). The perform- 
ance of this ionic liquid-supported catalyst 
was compared to t h a t  displayed by 
[Ir(COD)(PPh,),][PF,I dissolved in pure 
toluene. 

For trans-cinnamaldehyde (Table 1) 
the catalytic activity in homogeneous tolu- 
ene solution is higher than those observed 
for the ionic liquid-supported catalysts. 
Also. a marked decrease in activity was ob- 
senred on going from the PF, to the BF, an- 
ion, which is curious; there was no evidence 
of catalyst leaking into the organic phase in 
the ionic liquid mixtures. More interest- 
ingly, a switch in the selectivity was evi- 
denced on going from the homogeneous sys- 
tem (88% selectivity for C=C bond hydro- 
genation) to the IBMIMI[PF,l ionic liquid 
(53% selectivity for C=O bond hydrogena- 
tion). In both cases, the fully hydrogenated 
product. 3-phenylpropanolwas also present 
in small amounts (7% in toluene, 18% in 
[BMIMl[PF,l. However, the reaction in 
[BMIMI[BF,I was 100% selective for C=C 
bond hydrogenation. Although the expen- 
mental data available do not d o w  us  to pro- 
vide a clear explanation for this activity and 
selectivity shifts. the known sensitivity of 
[BMIMI[PFJ toward hydrolysis by traces of 
water in the system may be playing a role; it 
is possible that under those conditions a 
small amount of undetected colloidal irid- 
ium particles is formed and they are respon- 
sible for the observed C=O hydrogenation. 

Table 1 
Homogeneous and biphasic hydrogenation of cinnamaldehyde by [Ir(COD)(PPh,),][PF6]. 

Solvent % conv. TOF (h.') O h  Yo O h  

-0 WOH WOH 
Toluene 53.5 321 88 5 7 

[BMIMl[PF,l 36.5 218 29 53 18 

(BMIMI[BF,I 16 96 100 - - 

Conditions: cat, 0.024 mmol; [BMIMI[X], 3 mL; toluene, 47 mL; 80 OC; 95  atm H, substrate, 2.4 mmol; 6 h. 
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In the case of4-phenyl-3-buten-2-one, lective hydrogenation oí a$-unsaturated 
the catalytic activity is essentially the same carhonyl substrates is reported. The cata- 
in both the ionic liquid and in toluene (TOF lytic activity tends to be lower in the sup- 
c a  600 h~ ' )  and both catalysts are highly se- ported system but  high selectivities are 
lective for the hydrogenation of the C=C achieved in most cases; the supported cata- 
bond (90% in toluene: 98% in IBMIMIIPF,I lysts can be easily recovered and re-used 
(see Scbeme 1). For thea-b-unsaturated es- without any signlficant changes in their 
ter: methyl-trans-cinnamate. the activity in properties. Further work is in progress in or- 
the ionic liquid (41% conv.. TOF 246 h ') is der to establish the scope of this reaction 
lower than that in homogeneous phase and to better understand the trends ob- 
(69%. TOF 415 h ' ) .  hut in both cases. the served in C=C vs. C=O bond reactivity. 
C=C bond is exclusively hydrogenated with- 
out any indication of reduction of the ester Experimental Secti0n 
group (Scheme 1). 

Th e ca t a lys t  precursor  
(11-Carvone is a n  interesting molecule, Ilr(COD)(PPh,),l[PF,l (COD = 1.3- 

since it contains both exocyclic and endocyc- cyc~oocta~~ene)  (13) and ae ionic liquid 1. 
lic C=C bonds besides a C=O bond. AS shown buty~~3.methy~imidazo~ium hexafluoro. 
in 2. @"'ngfmmthe homogeneous phosphate [BMIMIIPF,] (14) were synthe- 
to the ionic h u i d  SYstem, the activitY iS re- sized by literature procedures. Al1 other rea- 
duced considerably. but the reaction in both gents were of commercial grade and were 
cases is very selective for the hydrogenation used withouth further pufification. 
of the C=C bonds. while the C=O bond re- 
mains untouched under these reaction con- Hydrogenation Runs. In a typical hy- 

ditions. Moreover. the exocyclic C=C bond is d"genation run. a solution of com~lex  

preferentially hydrogenated over the endo- (0,024 mmol) in 3 mL [BMIMIIPF,] and a so- 
cyclic C=C bond hydmgenation, which - lution of the substrate (2.4 mmol) in 47 mL 
be considered a normal trend. of toluene were introduced in a glass-lined 

stainless steel autoclave (300 mL) (PARR in- 
In SummaW. the use of the ionic struments) equipped with interna1 stirring, 

l i q u i d - s u P ~ o r t e d  b i ~ h a s i c  c a t a l ~ s t  temperature control unit and a sampling 
lIr(CODi(PPh,),llPF,l-IBMIMI[PF,J for the se- valve. Air was removed by purging three 

cat do + 
in tduene 90% 10% 

in [BMIMJ[PF,] 98% 2% 

OCH, cat OCH, 

d o  + H2 P \ P 4 0  

100% 

Schemel. Homogeneous and biphasic hydrogenation of 4-phenyl-but-3-ene-2-one and 
methyl-trans-cinnamate catalyzed by [Ir(COD)(PPIU)z][PF6]. Conditiom: cat, 0.024 mmol; to- 
luene, 50 or 47 mL; [BMIM][PFs], 0 or 3 mL; 80°C; 9,5 ami Hz; substrate, 2.4 mrnol; 6 h. 
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In tduene 100% conv. TOF = 600 h-1 86% 11% 3% 

In [BMIM](PF6] 33% conv. TOF = 196 h-l 82 1 8  O 

Scheme2. Homogeneous and biphasic hydrogenation of (+)-carvone catalyzed by 
[Ir(COD)(PPh3)z][PF6]. Conditions: cat, 0.024 mmol; toluene, 50 or 47mL; [BMiM][PFo], Oor 3 
mL; 80°C; 9,5 atm H2; substrate, 2.4 mmol; 6 h. 

times with hydrogen a n d  the reactor was  
c h a g e d  to the required pressure (9.5 atrn) 
and  heated to the chosen reaction tempera- 
ture (80°C) under constant stining at 430 
rpm. Duringthe catalytic test. the total pres- 
sure  of the  system was  continuously ad-  
justed to a constant value by making up 
from a high-pressure reservoir and  reaction 
murture samples were periodically taken 
through the sampling valve. The reaction 
was  stopped after 6 hours. coolecl down, the 
residual hydrogen was  released and the 
products separated from the ionic liquid so- 
lution by  decantation. The samples were 
analyzed by GC-MS analysis. 
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