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ABSTRACT

Ytterbium trifluoromethanesulfonate [Yb(OTf)3] catalyzed the imino ene reaction of N-tosyl aldimine with r-methylstyrene to give a homoallylamine
in moderate yield. Furthermore, addition of a catalytic amount of chlorotrimethylsilane (TMSCl) dramatically enhanced the imino ene reaction.

The development of new methods for the synthesis of chiral
or achiral amines is an important issue for the synthesis of
nitrogen-containing natural products and biologically active
compounds. As part of our ongoing project along these lines,
we previously reported the diastereo- and enantioselective
Pictet-Spengler reaction,1 and the diastereoselective addition
of alkyllithium to chiral imines.2

Although there have been many reports on catalytic C-C
bond-forming reactions using imines with electron-rich
alkenes3 and organometallic reagents,4 reactions between
imines and simple alkenes, i.e., imino ene reactions,5,6 have
not yet been studied as intensively as carbonyl ene reactions.7

Recent advances in the chemistry of lanthanoid metal
catalysts8,9 prompted us to study the catalytic activity of rare
earth metal salts in imino ene reactions. We present here a
preliminary report on ytterbium trifluoromethanesulfonate
[(Yb(OTf)3] catalyzed imino ene reactions in the presence
of TMS-Cl or TMS-OTf.

Initially, we chose the reaction ofN-toluenesulfonyl
benzaldimine1awith R-methylstyrene. When imine1awas
treated with 2 equiv ofR-methylstyrene in CH2Cl2-THF
(4:1) in the presence of Yb(OTf)3 (25 mol %) at room
temperature for 48 h, the imino ene product2awas obtained
in 58% yield (entry 1, Table 1). Addition of 1.2 equiv of
TMS-Cl to the reaction mixture facilitated the reaction
dramatically.10 The reaction was completed within only 15
min and gave2a in 90% yield (entry 2).

Although TMS-Cl itself did not act as a catalyst (entry
3), if TMS-OTf was formedin situ from TMS-Cl and
Yb(OTf)3, it might catalyze this reaction. To clarify this issue,
the reaction using 1.2 equiv of TMS-OTf without Yb(OTf)3
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was carried out (entry 4). The imino ene reaction proceeded,
and 2a was obtained in only 43% yield, even though an
excess amount of TMS-OTf was present. We also suspected
that triflic acid (TfOH) produced in situ might catalyze the
reaction. However, the similar reaction of1awith TfOH (120
mol %) for 15 min gave only 39% yield of2a (compare
with entries 2 and 4). Therefore, while TMS-OTf or TfOH
catalyzes this reaction to some extent, the presence of both
Yb(OTf)3 and TMS-X (X ) Cl, OTf) is essential. We
briefly studied the effect of the amount of the catalyst. The
reaction using 5 mol % of Yb(OTf)3 and TMS-Cl (entry 5)
afforded almost the same result as entry 2. Even 1 mol % of
catalyst was effective to afford2a in 86% yield, although
the reaction rate was slightly decreased (entry 6). TMS-
OTf was also effective when it was used with Yb(OTf)3

(entry 7).
TheN-substituent on the imino group also influenced this

reaction. In contrast to the reaction ofN-tosyl imine 1a,
Yb(OTf)3 (25 mol %) itself did not catalyze the ene reaction
betweenN-methoxycarbonyl imine1b andR-methylstyrene
(entry 8). However, a combination of Yb(OTf)3 (10 mol %)
and TMS-Cl (10 mol %) induced the reaction to give2b in
moderate yield (entry 9). In this case, the effect of TMS-
OTf is notable. The yield of2b increased up to 74% when
TMS-OTf was added instead of TMS-Cl (entry 10).
Phosphinoyl imine1c also gave2c under these conditions,
whereas the similar reaction ofN-benzyl imine1d did not
proceed at all. These results indicate that theN-substituent
must possess an electron-withdrawing character for the imino
ene reaction to occur. Interestingly, whenN-phenyl imine

1ewas subjected to similar reaction conditions, aza Diels-
Alder cycloadduct3 was obtained, and no imino ene product
was observed (entry 12).11

There have been several efforts to explain the reactivity
of lanthanoid metal triflates systematically.12 Yamaguchi and
Imamoto recently developed a scale of oxophilicity of
lanthanoid metal complexes using tandem mass spectros-
copy.12bTo obtain greater insight into the reaction mechanism
of these catalysts, we surveyed the catalytic activities of other
combinations of lanthanoid metal triflates [M(OTf)3] and
TMS-Cl in this imino ene reaction of1a and R-methyl-
styrene. The catalytic activity profile of M(OTf)3/TMS-Cl
is shown in Figure 1 with the oxophilicity scale. The activity

profile was almost consistent with the oxophilicity scale.
These observations suggest that the oxophilicity, i.e., the
Lewis acidity of the lanthanoid metal may play an important
role in these reactions.

Under the conditions described above, three-component
coupling11a,b,13among aromatic or aliphatic aldehyde, tosyl-
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Table 1. Imino Ene Reaction ofN-Substituted Aldimine with
R-Methylstyrene

a Isolated yield.b Aza Diels-Alder reaction took place to give adduct3
in 63% yield.

Figure 1. Catalytic activity of M(OTf)3/TMS-Cl in the imino ene
reaction. Notes: (a) All reactions were carried out at room
temperature for 1 h. (b) The reported oxophilicity data, evaluated
based on the dissociation of [MCl2(tepo)3]+ as observed by tandem
mass spectrometry. See ref 12b.
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amine, andR-methylstyrene in the presence of Yb(OTf)3 and
TMS-Cl or TMS-OTf was realized (Table 2). Thus, using

50 mol % of Yb(OTf)3/TMS-X, the reaction proceeded
smoothly to give2a in good to excellent yield. In this
reaction, the combination with TMS-OTf gave better results.
Aliphatic aldehydes, such as acetaldehyde and isobutyr-

aldehyde, whose imines are difficult to isolate, afforded imino
ene products4 and5 in good yields without any difficulty.

In summary, we have shown that the combination of
Yb(OTf)3 and either TMS-Cl or TMS-OTf is an effective
catalyst system for the imino ene reaction using imines with
an electron-withdrawing substituent at the nitrogen. We also
showed that the catalytic activities of M(OTf)3/TMS-Cl in
the imino ene reaction were highly dependent on the
oxophilicity of the lanthanoid metal. The three-component
coupling reaction of aldehydes, tosylamine, andR-methyl-
styrene was also successful under these conditions. In this
reaction, the use of aliphatic aldehydes, such as acetaldehyde,
is noteworthy. Further studies to elucidate the detailed
mechanism of the activity of these catalysts and its applica-
tion to asymmetric processes are underway.
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Table 2. Three-Component Coupling

a Isolated yield based on TsNH2. b Two equivalents of acetaldehyde was
employed.
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