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Metal Bis((perfluoroalkyl)sulfonyl)amides as Novel Lewis Acid Catalysts in Diels-Alder Reaction
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Some stable and lipophilic metal bis((perfluoroalkyl)-
sulfonyl)amides are prepared and employed as remarkable
Lewis acid catalysts in the Diels-Alder reaction of
cyclopentadiene with methyl vinyl ketone.

Trifluoromethylsulfonyl(irifyl) group is one of the strongest
neutral electron-withdrawing groups and the versatility of
trifluoromethanesulfonic acid(TfOH) and its derivatives is
widely known in organic chemistry.l On the other hand, in a
recent report about the relative gas-phase acidities of very
strong carbon(CH)-, nitrogen(NH)-, and oxygen(OH)-Brensted
acids,? bis((trifluoromethyl)sulfonyl)amine HNTf2 is a stronger
acid than TfOH. Since metal triflates have been employed as
versatile Lewis acid catalysts,3 we are interested in preparing
some metal bis((perfluoroalkyl)sulfonyl)amides to investigate
their utility as Lewis acid catalysts, for example, in Diels-Alder
reaction.

The metal bis((perfluoroalkyl)sulfonyl)amides were easily
prepared from the reactions of the corresponding acids such as
HNTf2,4 HNTfSO2C4F9,5 and HNTfSO2CgF17,5 with metal
acetates, oxides, carbonates, or hydroxides in water.6 The metal
amides we prepared here were very stable and non-oxidative.
Most of them were hygroscopic and more soluble under the
reaction conditions in dichloromethane than the corresponding
triflates. These amides could be easily recovered as the acids by
sublimation from conc. sulfuric acid solution of the metal
amides.

Some metal amides were employed as Lewis acid catalysts in
the Diels-Alder reaction of cyclopentadiene with methyl vinyl
ketone in dichloromethane and diethyl ether at 20 °C(Scheme
1). GC analysis of the reaction mixtures showed that most of the
reactions with active catalysts such as Mg(NTf2)2, Zn(NTf2)2,
and La(NTf2)3 gave the Diels-Alder reaction products in more
than 95% yields. The relative second order rate constants (kobs)
and the endo/exo product ratio in dichloromethane and diethy
ether were shown in Tables 1 and 2, respectively.”
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In Table 1 the order of the catalytic reactivity of alkali and
alkali earth metal ions( Mg2+ > Ca2* > Ba2* = Li* ) in
dichloromethane paralleled the order of effective cation
charge(ion charge/radius) as observed in the similar Diels-Alder
reactions catalyzed by metal perchlorates in acetone.8 The metal
amides were more effective compared with the corresponding
chloride and triflate; especially La(NTf2)3 was very active in
dichloromethane and even in coordinating diethyl ether solvent

in comparison with La(OTf)3. This higher activity of the metal
amides may be due to the presence of the non-coordinating
NTf2- anion whose anionic center is highly delocalized by two
Tf groups to increase the solubility and the Lewis acidity of the
metal amides. In dichloromethane, the decreased solubility of
magnesium and lanthanum amides with a longer
perfluoroalkylsulfonyl group caused the decreased catalytic
activities of the amides in the reactions with both of 1 and 9 mol
% catalysts (relative kobs; Mg(NTf2)2 > Mg(NTfSO2C4F9)2 >
Mg(NTfSO2CgF17)2; La(NTf2)3 > La(NTfSO2C4F9)3 >
La(NTfSO2C8F17)3). On the other hand, in Table 2 in diethyl
ether under the homogeneous reaction conditions with 1 mol %
of the lanthanum amides, the order of the catalytic activity was
reversed; La(NTfSO2C8F17)3 > La(NTfSO2C4F9)3 >
La(NTf2)3, which is in accord with the order of the intrinsic
stability of the amide anions in gas phase.2 However, in the
reactions with 9 mol % catalysts in diethyl ether, the lower
solubility of La(NTfSO2CgF17)3 caused again the decreased
catalytic activity in comparison with La(NTfSO2C4F9)3.

Interestingly, in the reactions with the lanthanum amides, the
reaction rates were accelerated in both of dichloromethane and
diethyl ether, while the stereoselectivity (endo/exo product
ratio) was increased in dichloromethane but slightly decreased
in diethyl ether compared with the results of the uncatalyzed
reactions.

Table 1. Metal Ions-Catalyzed Diels-Alder Reactions of
Cyclopentadiene with Methyl Vinyl Ketone in Dichloromethane

catalyst mol%  rel. kops endo/exo?
none 0 1b 6/1
LiNTf2 1 2 7/1
Ba(NTf2)2 1 2 7/1
Ca(NTf2)2 1 5 7/1
Mg(NTf2)2 1 18 12/1
Mg(NTfSO2C4F9)2 1 6 10/1
Mg(NTfSO2C8F17)2 1 2 7/1
Mg(NTf2)2 9 380 12/1
ZnCl2 1 23 19/1
Zn(NTf2)2 1 125 16/1
La(OTf)3-H20 1 1 6/1
La(OTf)3-H20 9 1 6/1
La(NTf2)3-H20 1 1440 12/1
La(NTfSO2C4F9)3-2H20 1 248 8/1
La(NTfSO2CgF17)3-1.5H20 1 114 9/1

aDetermined by GC. bkops(no. cat) = 7.1 x 10-3 I'mol-l-min-1.
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Table 2. Metal Ions-Catalyzed Diels-Alder Reactions of
Cyclopentadiene with Methyl Vinyl Ketone in Diethyl Ether

catalyst mol%  rel. kobs endo/exo?
none 0 1b 4/1
La(OTf)3-H20 1 2 47/1
La(NTf2)3-H20 1 17 38/1
La(NTfSO2C4F9)3-2H20 1 35 37/1
La(NTfSO2CgF17)3-1.5H20 1 59 37/1
La(OTf)3-H20 9 4 6/1
La(NTf2)3-H20 9 347 36/1
La(NTfSO2C4F9)3-2H20 9 872 35/1
La(NTfSO2CgF17)3-1.5H20 9 705 35/1

aDetermined by GC. Pkops(no. cat) = 2.1 x 10-3 I'mol-1-min-1.

In summary we have demostrated the novel Lewis acidity of
some metal bis((perfluoroalkyl)sulfonyl)amides in Diels-Alder
reaction. Further applications of these metal amides and the
comparison with metal salts of other weakly coordinating
anions are under progress.
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Scientific Research from the Ministry of Education, Science
and Culture, Japan.
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