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Ytterbium(III) Triflate-Catalyzed One-Pot Mannich-Type Reaction in Ionic Liquid
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The Lewis acid-catalyzed reactions of imines with enolate
components are useful methods for the preparation of 3
amino ketones or f-amino esters. leading to S-lactam
derivatives.’ As for the reactions using silyl enolates. use of a
stoichiometric amount of TiCl, as a promoter was first
reported in 1977 Since then. some methodologies that
report the catalvtic use of Lewis acid promoters such as
TMSOTE.* phosphonium slats,™ Fel-.* trity] hexafluoro-
antimonate.® and B(C¢F:):* were published. A great
advance in catalytic Lewis acid Mannich-type reaction was
described by Kobavashi that reported the discovery of a
highly efficient one-pot three component reaction of alde-
hydes. amines and enolates with the use of rare earth metal
triflates such as ytterbium triflate, Yb(OTf)3. and scandium
triflate. Sc(OTf):.* More recently. Loh found that indinm
trichloride. InClz. also can be an efficient catalyst for the
three component synthesis of -amino esters.” The prefer-
ential coordination ability of the water-tolerant Lewis acids
to aldimine over aldehyde™® made the reactions possible in
a mixture of THF-H-O (9:1) with Yb(OTf):* or in pure H-O
with InCL:.* in which, however. rather longer reaction time
(12-24 h in the presence of 10-20 mol% of catalyst) is
required to completion. Recently. we found that the lanth-
anide triflates are stable and effectively catalvzed the three
compenent one-pot Kabanich-Fields reaction of aldehydes.
amines and phosphorus nucleophiles affording a-amino
phosphonates in room temperature ionic liquids.” in
particular. consisting of 3-butyl-1-methylimidazolium (bmim)
cations. Moreover. the reaction rate of the reaction was
largely accelerated in ionic liquids compared to in organic or
water solvents.® These results prompt us to examine the one-
pot Mannich-type reactions affording f-amino ketones and
esters in emvironmentally benign ionic liquids. [bmim][X].
using the Lewis acids. La(OTf);. Sc(OTf)s; and InCly as
catalysts (Scheme 1).
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benzaldehyde. aniline and acetophenone trimethy Isily lenolate
has been carried out at 20 °C using 1 mol % of Yb(OTf); in
[bmim||PFs] (3 equivalent. 1 mL).! After 15 min. product
can be isolated in 83% vyield (entry 1). However. the
insolubility of the product in ionic liquid hindered the
stirring of the reaction mixture. which could be overcome by
emploving benzene (2 mL) as a co-solvent. and afforded
product in 91% vield within 15 min {(entry 2). Even in the
presence of 0.1 mol % of Yb(OTf)s. the reaction proceeded
smoothly with a 80% yield within 15 min (entry 3). When
the same reaction was conducted in benzene solvent only,
the product was formed in 30% yield in 24 h {entry 4). These
results indicate that the |bmim|[PFs] played a crucial role for
the increased catalvtic activity. Of special interest was the
fact that the ionic liquid itself has catalytic property. Thus,
the reaction without Yb(OTf); for 26 h afforded 55% vield
of adduct (entry 3). The vield was increased slightly as
increase the amount of ionic liquid (60% vield. entry 6).
Since fluoride anion can be an efficient activator for
Mukaiyama aldol-type reactions.' it could not be excluded
the possibility that the fluoride anion generated from PFe”
acts as a catalyst for this three component Mannich-type
reaction. However. other ionic liquids such as [bmim||SbFs|
and |bmim|[BF,4| did not show such catalytic activity. The
reactions using other catalysts such as Sc(OTf)a (76%. entry
7) and InCls (70%, entry 8) or other ionic liquids. [bmim]-

Table 1. Three components One-Pol Mannich-type reactions of
aldehvdes, aniline and acetophenone trimethylsilvlenolate in
[bnum][X]

Entrv Ar Catalyst X Yicld”
1° Ph Yh(OTHH [PFol 85
2 Ph Yh(OT [PFol 91
¥ Ph Yh(OTH [PFol 80
47 Ph Yh(OTHh - 50
3° Ph B [PEo] 33

& Ph B [PFa] a0
7 Ph Se(OT |Pla] 76
8 Ph InCla |Pla] 70
9 Ph Yb(OT s [SbEs) 72
10 Fh Yb(OT |B31i4] 47
11 A-Thiophehenyl Yb{OT D |Pl) 97
1 2% 2-Pyridy] YHOTD: [Pl 70
13¥ 1-Naphthyl Yb(OT1): [PFa] 78

“Isolated vield. "Reaction without benzene. ‘Reaction wi th 0.1 mol®e of
YEOT . “Reaction in benzence only. “Reaction tor 24 h.‘Reaction in 10
equiv. of [bmim][PFe]. *Reaction for 30 mim.
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ISBFs| (72%, entry 9) and |bmim||BFa] {47%. eniry 10)

aflorded the product with relatively lower yields. Reaction of

silyl enol ether of acelophenone and aniline with other
aldehydes such as 3-thiophencarboxaldchyde (97%. entry
11}, 2-pyridinccarboxaldehyde {70%, entry 12). l-naphth-
aldehyde (78%, entry 13) using 1 mol% ol Yb(OTI): in
|[bmim||PF,| aftorded the corresponding framino ketlones in
good yiclds.

Having ascertained the efficiency of Yb(OTf):-catalyzed
three component Mannich-type reaction in an ionic liquid,
|[bmim||PF,]|, involving a silyl enol ether of acctophenonc,
this methodology was extended to another acycelic silyl enol
ether, l-methoxy-2-methyl- I-trimethylsiloxypropene, o give
methyl  2,2-dimethyl-3-(A-phenylamino)-3-phenylpropionate
in 92% yicld. Also. a cyclic silyl enol cther, trimethyl-
silyloxyeyclohexene was reacted with benzaldehyde and
aniline to give the desired product in good yicld (81%) with
anti-sclectivity (symanti — | 1 3.9) (Equation 1).

oTMS
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—————= Ph
81%

syn:anti=1:3.9

In summary, we have demonstrated that fonic liquids act
as powerful reaction media for Yb{OT)s-catalyzed three
component onc-pot Mannich-type reaction of aldchydes. an
aminc and silyl enol ethers. It has been also found that
|bmim||PF,| itsell act as a catalyst. Further studies on the
eflect of rate acceleration and catalytic property of the ionic
liquids arc underway.
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Notes and References

A typical procedire for the three component reactions in ionic liguid:
Aniline (0,13 g. 1.48 mmol). benzaldehyde (0.1 g. 0.98 mmol) and
acctophenone  trimethylsily lenolate (0.28 2. 1.48 mmoly  were
suceessively added to a solution of Yb(OTf): (6.1 mg. 9.8 x 10 3
mmol) in [bmim||PF.| (1 mLYbenzne (2 mL) at 20 °C. Aller stirring
the reaction mixture {or 15 min. the insoluble solid was filiered. The
filter cake was dissolved in CH»Cl:. and the organic layer was washed
with water, Fvaporation of the CH:Cls atforded pale brownish solid.
which was treated with McOH to give 37 -phenyl-3°-(A-phenylaminoe)-
propiophenone (0.27 g. 91%) as a white solid.
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