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Abstract : [3+2] Cycloaddition reactions of N-benzyl-azomethine ylide
with 4-silacyclohex(hept)-2-en-1-ones provides novel 3-aza-1-
silabicyclo[3.4.0]hexanes and 3-aza-1-silabicyclo[3.5.0] heptanes.

The [3+2] cycloaddition reaction of azomethine ylides with ethylenic
compounds represents an outstanding tool in organic synthesis to
provide various five-membered nitrogen heterocycles1, generally with
high regio- and stereoselectivities.2 

To the best of our knowledge, only two [3+2] cycloaddition reactions of
azomethine ylide with a carbon-carbon multiple bond bearing a silicon
substituent have been described. In both cases, the azomethine ylide
used was C-unsubstituted and was generated from trimethylamine-N-
oxide in presence of a large excess of LDA. Thus, Roussi et al.
described the preparation of 3-trimethylsilyl-4-phenyl-2,5-dihydro-
pyrrole starting from 1-phenyl-2-(trimethylsilyl)acetylene3, and recently
we described the preparation of 5-aza-1,1-diphenyl-1-silabicyclo[3.3.0]-
octane derivatives from the corresponding 4-substituted-1-
silacyclopent-2-enes.4 These findings prompted us to study the
additions of various azomethine ylides with cyclic β-silyl-substituted
α,β-unsaturated ketones. Herein, we wish to report the construction of
the novel fused sililano-pyrrole derivative 3a and the silepano-pyrrole

derivative 3b via [3+2] cycloaddition reaction of the azomethine ylide
1,3-dipole 2 with 4-silacyclohex- and 4-silacyclohept-2-enones 1a and
1b. The cycloadducts 3a,b were then N-debenzylated to give the
corresponding NH derivatives 4a,b as outlined in Scheme 1.5

The silacycloalkenones 1a and 1b were prepared via three- and five-step
syntheses, respectively, in ~12% yield, both starting from commercially
available divinyldiphenylsilane as shown in Scheme 2.

Thus, 4,4-diphenyl-4-silacyclohexan-1-one6 6a was prepared in a one-
step synthesis via hydroboration reaction in 60% yield from 5 as
described previously7, whereas 4,4-diphenyl-4-silacycloheptane-1-one
6b was prepared from 6a in a two-step synthesis through a one-carbon
homologation reaction in 83% overall yield.7 Silacyclohexanone 6a was
directly transformed to the silacyclohexenone 1a by the condensation of
methyl benzenesulfinate in the presence of NaH affording 7a which was
transformed to 1a8 by an elimination of sulfenic acid at room
temperature in 20% yield. 

Silacycloheptenone 1b was synthesized in a two-step synthesis from 6b
which was first converted to the corresponding 2-bromo derivative 7b in
45% yield under standard radical conditions. β-Elimination in refluxing
2,4,6-collidine generated then the required silacycloheptenone 1b in
51% yield.

Scheme 1
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Once the olefinic dipolarophiles 1a and 1b had been prepared, they were
subjected to [3+2] cycloaddition reaction with the azomethine ylide 2
generated in situ from N-n-butoxymethyl-N-trimethylsilylmethyl
benzylamine 8 in the presence of a catalytic amounts of trifluoroacetic
acid through an alkoxy elimination and subsequent desilylation
process10 (Scheme 3).

Thus, starting from 1a, condensation of 8 afforded the desired
tetrahydropyrrole derivative 3a in very low yield (2.5%), besides the
oxazolidine-dicycloadduct 9 (2% yield) derived from cycloaddition
reactions of two equivalents of ylide 2 with both the carbonyl group and
the double bond moieties of 1a. Surprisingly, cycloaddition of 8 with
the seven-membered silacycloheptenone 1b afforded exclusively
cycloadduct 3b11 in 47% yield. These studies demonstrate the crucial
influence of the size of the β-silyl-substituted α,β-unsaturated ketone
dipolarophile on the regioselectivity of the [3+2] cycloaddition. This
different behaviour of 1a and 1b is probably due to either varied
polarization of the conjugated β-silyl α,β-unsaturated ketone system or
to steric effects (during the dipole approach) or both.

Investigating alternative routes to 3a, we found that the [3+2]
cycloaddition of 2 with silacyclohexenone 11 afforded cycloadduct 12
in an epimeric ratio of ~4/111,12 in 70% yield13, which was then
transformed to 3a11 by a tandem hydrogenolysis-decarboxylation
reaction in 69% yield (Scheme 4). Introduction of an electron-
withdrawing group such as benzyloxycarbonyl in position 2 of 1a
enhanced the reactivity of the carbon-carbon double bond and produced
exclusively the mono-adduct 12.

The synthesis of 11 started from 6a, which was converted to the
corresponding 2-benzyloxycarbonyl-4-silacyclohexanone derivative 10
using dibenzylcarbonate as electrophile in the presence of KH in 56%
yield. Then, regioselective oxidation of 10 with 2,3-dichloro-5,6-
dicyanoquinone (DDQ) in acetic acid/dioxane mixture afforded 11 in
56%. Note that introduction of an electron-withdrawing substituent such
as a benzyloxycarbonyl group in position 2 of the carbonyl moiety
regioselectively produced the mono-oxidation product 11, while the
same reaction conditions applied to 6a generated 4,4-diphenyl-4-
silacyclohexadien-1-one in 40% yield.6

With 3a and 3b in hand, we turned our attention to the synthesis of N-
debenzylated derivatives 4a11 and 4b11 which were crucial starting
materials for the preparation of tetrahydropyrrole derivatives 14a,b and
15a,b as shown in Scheme 5. The synthesis of these sila-derivatives was

Scheme 3
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initiated pursuing our goals to prepare either biologically active silicon
compounds which do not possess any known carbon counterpart14 or to
study silyl analogues of known bioactive carbon compounds in order to
determine the sila-substitution effects.15

Facile N-debenzylation of 3a and 3b was achieved using vinyl
chloroformate16 affording 13a11 and 13b11 in good yields which were
then hydrolyzed with a conc. HCl/dioxane mixture to give 4a11 and
4b11 in 73% and 85% yield, respectively. Pure amide derivatives 14a
and 15a were obtained by condensation of (2-methoxyphenyl)acetyl
chloride under standard conditions giving cis-adduct 14a and trans-
adduct 15a in 52% and 19% yield, respectively, after purification by
chromatography on silica gel.17 The condensation of (2-
methoxyphenyl)acetic acid in presence of 1-hydroxy-benzotriazole
(HOBT) and 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydro-
chloride (EDCI) with 4b under standard conditions afforded pure 14b
and 15b in 54% and 21% yield, respectively.18

In summary, we have developed a methodology for the preparation of
novel perhydrosilolano[2,3-c]pyrrole derivatives 3a,b ; 4a,b ; 14a,b and
15a,b based on a 1,3-cycloaddition reaction with 4-silacyclo- hex(hept)-
2-enones.
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and coll. and Prof. G. Manuel (Université Paul Sabatier, Toulouse,
France) for interesting and valuable discussions.
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