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Unprecedented 1,4-stannatropy: effective generation of azomethine
ylides as nitrile ylide equivalents from /N-(stannylmethyl)thioamides
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Generation and cycloaddition of less- or non-stabilized
azomethine ylides, or nitrile ylide equivalents, via unprece-
dented 1,4-stannatropy of N-(tributylstannylmethyl)thioamides
were achieved. The reactions with dipolarophiles, such as
electron-deficient alkenes and alkynes, afforded corresponding
pyrrolidine and pyrrole derivatives effectively.

1,3-Dipolar cycloaddition reactions are powerful tools for the
construction of heterocyclic compounds because of their utility in
forming a set of two bonds in a single operation." Among such
reactions, the cycloaddition of azomethine ylides is widely used in
the synthesis of N-containing 5-membered heterocycles included in
biologically active compounds and other functional materials.
While many methods for generating azomethine ylides have been
reported,” we also found the cycloaddition of azomethine ylides
generated from o-silylimines and o-silylamides by the intramole-
cular 1,2- and 1,4-migration of silyl groups, respectively.* In the
reaction of o-silylamides, the strong affinity between silicon and
oxygen causes a 1,4-silatropic shift onto the oxygen of the amide to
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afford the azomethine ylides (Scheme 1, X = O, MR'; = SiMes,
R? = Ph, SiMe;).*

The azomethine ylides are regarded as nitrile ylide equivalents,
because adducts of the corresponding nitrile ylides were obtained
as the result of cycloaddition of the azomethine ylides followed by
the elimination of silanol.

Stabilized azomethine ylides having aryl or electron-withdraw-
ing groups at 1- or 3-positions are generated under moderate
reaction temperature. However, when precursors of less- or non-
stabilized azomethine ylides were employed, a high reaction
temperature was required to generate the ylide intermediates.
While generation of stabilized azomethine ylides under mild
conditions is comparatively easy, generation of less- and non-
stabilized azomethine ylides is a significant challenge in this field.
Since it is well known that a sulfur atom stabilizes an adjacent ion
and C=S bonds of thioamides are extensively polarized compared
to C=0 bonds of amides, o-metallothioamides would be expected
to be better candidates for 1,4-sila- and/or stannatropy leading to
less or non-stabilized azomethine ylides. Moreover, a tin atom has
stronger affinity for a sulfur atom than a silicon atom, suggesting
that N-(stannylmethyl)thioamides might be better starting materi-
als.” Herein, we report on the highly effective cycloaddition of
azomethine ylides generated by 1,4-stannatropy of N-(stannyl-
methyl)thioamides under neutral conditions. Although a number
of studies of 1,2-° and 1,3-stannatropy’ have been reported, there is
just one example of an anionic reaction via 1,4-stannatropy,® and,
hence, this type of migration under neutral conditions is
unprecedented to the best of our knowledge.’

The cycloaddition of azomethine ylides generated from
a-metalloamides with dimethyl fumarate (2a) is shown in Table 1.

The reaction of N-(silylmethyl)amide 1a with the fumarate in
benzene at 200 °C for 30 h afforded cycloadduct 3a in very low
yield. In clear contrast to the silylmethylamide, the reaction of

Table 1 Cycloaddition of azomethine ylides generated by 1,4-
metallatropy

COzMe
— MeO,C, CO,Me
RsM X MeO,C 2, ‘
+
N Ph PhH N7 TP T RaMXH
1 in a sealed tube 3a
Substrate MR; X Time/h Temp/°C Yield” (%)
la SiMe; (0} 30 200 4
1b SiMe; S 30 200 74
1c SnBus S 3 60 80

“ Determined by '"H NMR.
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N-(silylmethyl)thioamide 1b proceeded much more smoothly to
give the same product. Surprisingly, the reaction of N-(stannyl-
methyl)thioamide 1¢ was complete within 3 h even at 60 °C giving
the cycloadduct 3a in high yield. Thus N-(stannylmethyl)thioamide
1c is the best precursor for the generation of the azomethine ylide.
Since the reaction of amides 1 with alkenes and an alkyne gave the
corresponding pyrrolines and pyrrole, the azomethine ylides
generated from amides 1 are nitrile ylide equivalents most of
which are difficult to be generated by conventional methods.”*!°

Table 2 Cycloaddition of azomethine ylides generated from
N-(tributylstannylmethyl)thiobenzamides 1¢,d with dipolarophiles 2

Dipolarophile 2

Bu3Sn S (3 eq)
Cycloadduct
a Ph PhH, 60 °C
1c:R=H
1d: R = Me

Entry Thioamide Dipolarophile Time/h Cycloadduct” (%)

1 1c MeO,C  CO,Me 3 MeO,C,  ,COMe

Fg\
P
2b N~ "Ph

2 1c CN 0.5 NC CN
NC Z—&
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H

2¢

h 0.5 Ph
N

MeO,C—=—CO,Me 40

96 (4¢)
CO,Me 110 CO,Me
ﬁ
. (3
N~ Ph
Me
43 (4q)
MeO,C. CO,Me

/ A\
N Ph
Me

817 (5b)

“ Determined by 'H NMR. ? Isolated yields.

The reactions of N-(stannylmethyl)thioamide 1 with various
dipolarophiles are shown in Table 2.

The reaction with dimethyl maleate (2b) gave cycloadduct 3a
which is the same product obtained in the reaction with dimethyl
fumarate (2a) (entry 1). The result can be explained by
isomerization at the 3-position of the initial 3,4-cis adduct because
of the high acidity of the hydrogen at the 3-position and the
stability of the 3,4-trans structure. When fumaronitrile (2¢) was
employed, 2-pyrroline derivative 4a was obtained probably
because of smaller steric repulsion between the substituents at
the 3- and 4-positions in cycloadduct 4a compared to cycloadduct
3a (entry 2). The reaction with N-phenylmaleimide (2d), a cyclic
dipolarophile, afforded cycloadduct 3b in high yield (entry 3). In
the case where dimethyl acetylenedicarboxylate (DMAD, 2e), an

Table 3 Cycloaddition of azomethine ylides generated from
N-(tributylstannylmethyl)thioamides le-g with dipolarophiles 2

Dipolarophile 2

BuzSn S (3eq)
——  Cycloadduct
N R' PhH, 60 °C
R
1le:R=H,R=Pr
1f:R=H, R =H
1g:R=Me, R' = H
Entry Thioamide Dipolarophile Time/h  Cycloadduct” (%)
1 le 2a 35 MeO,C,  ,CO;Me
s
G~
31 (3¢)
2 1e 2 6 NC_  CN
L
N
H
80 (de)
3 1f 2a 8 MeO,C_  ,COMe
N
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4 1f 2¢ 2 NC CN
\
N
H
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N
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N
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“JIsolated yields. ? Reaction temperature: 100 °C. € Reaction

temperature: 20 °C
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electron-deficient alkyne, was used, pyrrole derivative 5a was
obtained (entry 4).

Analogously, the reactions of N-methyl-N-(stannylmethyl)thio-
amide 1d with dipolarophiles, electron-deficient alkenes and an
alkyne, gave the corresponding cycloadducts in good yields under
very mild conditions (entries 5-8). Among these, it is noteworthy
that cycloadduct 4d in the reaction with methyl acrylate (2f),
an unsymmetrical dipolarophile, was produced with complete
regioselectivity.

Surprisingly, the cycloaddition of azomethine ylides having
destabilizing substituents or no substituents could also be carried out
(Table 3). The introduction of an alkyl group to the 1- or
3-position of 1,3-dipoles causes extensive destabilization of the 1,3-
dipoles. However, when N-(stannylmethyl)thioisobutyramide 1le
was employed in the reactions with dimethyl fumarate (2a) and
fumaronitrile (2¢), the corresponding cycloadducts 3¢ and 4e were
readily obtained (entries 1 and 2). The reactions of N-(stannyl-
methyl)thioformamide 1f and N-methyl-N-(stannylmethyl)thiofor-
mamide 1g with these dipolarophiles afforded 2,5-unsubstituted
pyrrolines 3d, 4f, 4g, and 4h in good yields respectively (entries 3—
6). It is noteworthy that the azomethine ylide generated from
thioamide 1f is an ultimately non-substituted nitrile ylide
equivalent, and thus, it is a very useful reactive species for the
synthesis of less-substituted N-containing S5-membered hetero-
cycles. When DMAD was employed, the reaction proceeded at
ambient temperature to give pyrrole derivative Sc in high yield
(entry 7). The 2,5-unsubstituted pyrrolines and pyrroles are
known, for example, to be precursors of polypyrroles which are
mainly useful for conducting polymers.

In summary, we demonstrated an unprecedented method of
effective generation of azomethine ylides on the basis of a new
strategy using 1.4-stannatropy. Cycloaddition of the azomethine
ylides, or nitrile ylide equivalents, proceeded under mild conditions
to give pyrroline and pyrrole derivatives in good to excellent yields.
The present strategy is also expected to be applicable to generation
of other 1,3-dipoles and extension to 1,6-stannatropy for
generation of 1,5-dipoles.
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