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In recent years one of the prime concerns of chemists igable 1 The three component reactions of benzaldehyde, aniline

search for replacements of the conventional organic solventnd diethylphosphite in [bmim][X] or DMF in the presence of
with environmentally benign ones. In this context, room lanthanide triflates and indium trichloride using microvfeve

temperature ionic liquids are increasing interest as reactio= Cat.
. X o T o 0 NHPh
media. In particular, utilization of the ionic liquids in matal- (10 mol %)
. M +Ph-NH, +H(O)P (OEt), -

catalyzed reactions allowed easy recovery and reuse of tt pn” ~H [bmimjx]  Ph™ P(OEty

catalysts. During our on going study on catalyst recycling MW (2 min) 0

using ionic liquids, we interested in the combination of X in [ormim][X]

ionic liquids with microwave (MW)-assisted organic reac- Entry  catalyst DMF

tions? lonic liquids consisting entirely of ions could absorb PR BF, OTf Shk

the microwave energy efficiently. Moreover, the risk of an 1 Yb(OTf)s 86 9974f 55 72 70

explosion caused by rapid increase of vapor pressure of the 2 Sc(OTfy 88 81 80 63 90

solvent can be avoided since ionic liquids have no measu- 3 ~ Dy(OTf. 87 90 55 80 62

rable vapor pressura spite of several advantages, only few 4 Gd(OTfs 94 62 52 63 65
5 InClz 91 80 70 65 82

MW-assisted reactions have been carried out in ionic liquids _ : :
media and no successful catalyst recycling has been achiey/dehyde (1 mmol), anilne (1.2 mmol), and diethyl phosphite (1.2
d faf H ish t it limi It mmol) were successively added to a solution of catalyst (10 mole %) in
ed so a.' _ere WQ W'_S . 0 _repp our pre 'mmary resu. S 0N an jonic liquid (1 mL) placed in a flat bottom flask, mixed thoroughly on
the application of ionic liquids in a MW-assisted reaction. a vortex Mixer (Scientific Inc., Model G-560) and the mixture was

To demonstrate the utility of ionic liquids for catalyst irradiated intermittently in an unmodified domestic microwave oven.
After completion the reaction, the product was isolated by extraction

reCyC”n_g in MW'aSSiSted metal—catalyzeq Orga”ic reaCti.Ons‘with benzene (5 mk 4), and purified by silica column chromatography.
lanthanide triflates catalyzed Kabachnik-Fields reagtion For catalyst recycling, more reactant was added to the ionic liquid

was chosen as a model reaction. Kabachnik-Fields reactigigntaining catalystMW irradiated for 2 min (20's + 20s +20s + 20 s +

. - . . . s + 20 s)lisolated yield (average of two rundyield given in

is one of the effective methods for the synthesis of b'0|09"parenthesis obtained under thermal condition PC2@ h)

cally importanta-aminophosphonates and has been received

a great deal of attention in recent y&aFsus, a solution of

benzaldehyde, aniline and diethylphosphite in [bomimd[PF [PFs]. Moreover, higher or comparable catalytic activities
in the presence of 10 mol% of Yb(O3fs a catalyst was were observed in ionic liquids compared to the organic
irradiated for 20 s using a domestic MW oven (2450 MHz,solvent, DMF. In the recycling study, the catalyst, Yb(@Tf)
850W), then the reaction mixture was taken out, mixedmmobilized in [bmim][BR] could be re-used 5 times
again for 5 s and then irradiated again for 20 s. This step wagithout any loss of catalytic activity (>99% average yield).
repeated until completion of the reacti@a.(2 min) to give  This result clearly indicates that both [bmim]BBolvent
product in 86% vyield. Surprisingly, when the solvent wasand Yb(OTf} catalyst are quite stable upon microwave
changed to [bmim][BH, the yield was markedly increased, irradiation. On contrary, the catalytic activity of the same
thus, the product was obtained almost quantitativébyy- catalyst immobilized in [bmim][Shf was dramatically
ever,the yield decreased under thermal condition 2®  decreased in the second cycle (33% vyield). The different
h, 74%) or under MW condition in other ionic liquids (55% catalytic properties of Yb(OTf)n [bmim][BF,] and [bmim]

in [bomim][OTf], 72% in [bmim][Sbk]) and DMF (70%) [SbRs] may be attributed to the different thermal behavior of
(entry 1 in Table 1)The catalytic activities of other catalysts the ionic liquids upon MW irradiation. Figure 1 shows

were also examined under MW irradiation (Table 1). temperatures attained as a function of irradiation time for
As shown in Table 1, all of the catalysts examinedionic liquids, [bmim][X], and DMF.
exhibited superior catalytic activities in bmim][BFand It has been found that the heating rates of the ionic liquids,

[bmim][PFes). For examples, Yb(OTfand Dy(OTf} show-  [bmim][X], are faster than DMF, and largely affected by the
ed higher activity in [omim][BE than in other ionic liquids. counter anion, X. The [bmim][OTf] showed the fastest
On the other hand, the catalytic activities of the other catakheating rate, thus, the temperature reached®°@0after 2
lysts, Sc(OTH), Gd(OTfk and InC}, are superior in [omim]  min. It is interesting that the temperature of [bomim}jRxd
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Figure 1. Thermal behaviors of ionic liquids and DMF under Mw  Acknowledgment This work was supported from MOST

irradiation. Temperature is the mean average’@&B8rror range) fo

three measurements.

Table 2 Microwave assisted three component reactions of alde-
hydes, aniline and diethylphosphite in [bmim]B#f the presence

of Yb(OTf)s as catalyst
Yb(OTf)3
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aminophosphonates could be rapidly synthesized in excellent
yields through MW assisted Kabachnik-Fields reactions and
the results are summarized in Table 2.

In summary, using lanthanide triflates catalyzed Kabachnik-
Fields reaction as a model reaction has proved the utility of
ionic liquids, [omim][X], as solvents in MW-assisted metal-
catalyzed reactions. Under MW irradiation, the thermal
behaviors of ionic liquids and the recyclability of the cata-
lysts were largely affected by the counter anions of [bmim]
[X]. A successful recycling of a catalyst, Yb(Ogfimmobi-
lized in [omim][BF] may open new eco-friendly protocol in
MW-assisted metal-catalyzed reactions. Further applications
of ionic liquids to other MW-assisted metal-catalyzed
reactions are under study.

(National Research Laboratory Program, 2N22890), KIST
(2E17512) and CMDS at KAIST.
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