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The R,â-unsaturated thioimidates are useful interme-
diates,1 and a preparation was reported that uses imi-
doyltriphenylphosphonium methylides.2 Recently, we
found that lanthanide triflates (Ln(OTf)3) are stable
Lewis acids in water and are very effective for the
activation of imines.3,4 Most Lewis acids are trapped by
the nitrogen atoms of imines or tertiary amines (prod-
ucts), and therefore more than stoichiometric amounts
of the acids are required to complete the reactions.5
However, it was found that Ln(OTf)3 promotes the
reaction of imines with some nucleophiles catalytically.
For example, the reactions of imines with ketene silyl
acetals3 and dienes or dienophiles4 proceeded smoothly
in the presence of a catalytic amount of Ln(OTf)3 to afford
the corresponding â-amino esters or imino Diels-Alder
adducts, respectively, in high yields. In the course of our
program to develop useful synthetic reactions using
Ln(OTf)3 as a catalyst, we discovered a new reaction, that
of imines with alkynyl sulfides, which provides R,â-
unsaturated thioimidates. In this paper, we report the
preliminary results of this study.
Previously,4 we reported that in the presence of a

catalytic amount of Ln(OTf)3 some imines behave as aza
dienes and react with alkenes such as vinyl ethers and
vinyl sulfides to afford tetrahydroquinoline derivatives.6
In subsequent investigations, we found that imines react
with alkynyl sulfides to afford the corresponding quino-
line derivatives in high yields under nearly identical
reaction conditions.7
We then examined the reaction of N-benzylidene-p-

toluenesulfonamide (1) with 1-(methylthio)-1-propyne in
dichloromethane, under the influence of 20 mol % of
ytterbium triflate (Yb(OTf)3). The starting materials
disappeared after 15 h at room temperature, and a new
adduct was detected by TLC. The adduct was found to
be stable under usual aqueous workup conditions and
could be purified by silica gel column chromatography.
The IR, 1H NMR, 13C NMR, and MS spectra of the adduct

suggested that it was the R,â-unsaturated thioimidate
(3), which was finally confirmed by X-ray analysis.8 To
our knowledge, this type of reaction has not been previ-
ously reported.9,10 The reaction does not proceed in the
absence of the Lewis acid or under thermal conditions.
Several combinations of imines and alkynyl sulfides

were tested, and the results are summarized in Table
1.11 N-Benzylidenebenzylamine reacted slowly with 1-(me-
thylthio)-1-propyne to give an adduct in moderate yield.
Several N-tosylimines reacted with alkynyl sulfides
smoothly in the presence of Yb(OTf)3, Sc(OTf)3, or
BF3‚OEt2 to afford the corresponding R,â-unsaturated
thioimidates in high yields. When Ln(OTf)3 was used as
a catalyst, better results were obtained in acetonitrile
than in dichloromethane. In the reactions of aliphatic
N-tosylimine (R1 ) alkyl), the imines were prepared in
situ from the corresponding dimethyl acetals12 and were
used directly in the same pot. While BF3‚OEt2 was
effective in some reactions, a distinct advantage of using
Ln(OTf)3 is that the catalyst can be recovered and
reused.13
The reactions are assumed to proceed via a [2 + 2]

cycloaddition and successive fragmentation. The [2 + 2]
cycloaddition of imines with alkynyl sulfides proceeds
smoothly in the presence of a Lewis acid to form azetine
intermediates (12),14 which are unstable and immediately
fragment to the R,â-unsaturated thioimidates. Several
attempts to isolate the azetine intermediates or to detect
them by NMR failed.
Finally, an intramolecular version of this reaction for

the synthesis of cycloalkene derivatives was investigated.
1-(Methylthio)-7,7-dimethyl-1-heptyne (13), which has
acetal and alkynyl sulfide functions in the same molecule,
was treated with 2 equiv of TsNH2 in the presence of 20
mol % of Yb(OTf)3 in benzene. The mixture was refluxed
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for 5 h to give the desired cyclohexene thioimidate (14)
in 46% yield (Scheme 1).
In summary, we have developed a new reaction of

imines with alkynyl sulfides to afford R,â-unsaturated
thioimidates, which is catalyzed by Ln(OTf)3 or BF3‚OEt2.
[2 + 2] cycloaddition and successive fragmentation mech-
anisms are suggested, and the reaction was successfully
applied to an intramolecular case for the synthsis of

cycloalkane derivatives. Further studies to survey the
scope and limitations of this reaction as well as to
examine the reactivities of the produced R,â-unsaturated
thioimidates are in progress.
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Table 1. Reactions of Imines with Alkynyl Sulfides

entry R1 R2 R3 R4 thioimidate catalyst (mol %) solvent condnsa yield (%)

1 Ph PhCH2 Me Me 2 Sc(OTf)3 (20) CH3CN A 40
2 Ph Ts (1) Me Me 3 Yb(OTf)3 (20) CH3CN A 80
3 Ph Ts (1) Me Me 3 Sc(OTf)3 (20) CH3CN A 95
4 Ph Ts (1) Me Me 3 BF3‚OEt2 (20) CH2Cl2 A 66
5 Ph Ts (1) Me Me 3 BF3‚OEt2 (100) CH2Cl2 A 85
6 Ph Ts (1) Me Me 3 Sc(OTf)3 (20) CH3CN B 94
7 p-MeOPh Ts Me Me 4 Sc(OTf)3 (20) CH3CN A 75
8 p-ClPh Ts Me Me 5 Sc(OTf)3 (20) CH2Cl2 A 80
9 p-ClPh Ts Me Me 5 BF3‚OEt2 (100) CH2Cl2 A quant
10 2-furyl Ts Me Me 6 Sc(OTf)3 (20) CH3CN A 73
11 PhCtC Ts Me Me 7 Sc(OTf)3 (20) CH3CN B 65
12 c-C6H11 Ts Me Me 8 BF3‚OEt2 (20) CH2Cl2 B 80
13 Ph(CH2)2 Ts Me Me 9 Sc(OTf)3 (10) CH3CN B 62
14 Ph Ts Me Bu 10 Sc(OTf)3 (20) CH2Cl2 A 90
15 Ph(CH2)2 Ts Bu H 11 Yb(OTf)3 (10) CH3CN B 8

a A: isolated imine was used. B: imine was prepared in situ.

Scheme 1
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