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Reaction of a stable aminoarylcarbene with 2-chloroacrylonitrile:
dearomatizing cyclization rather than cyclopropanation
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Abstract—The reaction of a stable aminoarylcarbene with 2-chloroacrylonitrile is reported. The resulting 1/1 adduct has been
spectroscopically and structurally characterized. The initial Michael addition is not followed by cyclopropane formation but by a
dearomatizing cyclization affording an original bicyclic structure.
� 2004 Elsevier Ltd. All rights reserved.
Cyclopropanes are attracting considerable interest both
as synthetic intermediates and as biologically relevant
moieties of constrained geometry. Their preparation is
most widely achieved by the so-called cyclopropanation
reaction, that is the formal addition of a carbene to an
alkene. Both singlet and triplet transient carbenes
undergo cyclopropanation reactions, although with a
totally different mechanism.1 Cyclopropanes can also be
obtained from metal–carbene complexes,2 and accord-
ingly, metal-assisted syntheses have been developed both
in stoichiometric and catalytic versions.3

Over the last 15 years, the availability of stable singlet
carbenes4 has allowed for a better understanding of
the factors governing the stereoselectivity of this reac-
tion. Indeed, diastereo- as well as enantioselective
cyclopropanation reactions were observed for stable
phosphinocarbenes.5 In marked contrast, no cyclo-
propanation reaction has been reported for stable
aminocarbenes,6–9 most probably because of the stron-
ger donation of the amino compared to phosphino
substituent, which makes the carbene vacant orbital
Keywords: Carbenes; Cyclopropanation; Dearomatization.

* Corresponding authors. Tel.: +33-5-61-55-77-37; fax: +33-5-61-55-

82-04 (D.B.); tel.: +1-909-787-2720; fax: +1-909-787-2725 (G.B.);

e-mail addresses: dbouriss@chimie.ups-tlse.fr; gbertran@mail.ucr.

edu

0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2004.05.082
higher in energy. For example, nucleophilic attack of the
1,3,4-triphenyl-1,2,4-triazol-5-ylidene on dimethylfuma-
rate or dimethylmaleate is not followed by ring closure
leading to the corresponding cyclopropanes (Scheme 1),
but rather by a 1,2-proton shift, affording a methyl-
enetriazoline.9b;c

We have recently described the synthesis of persistent
and even stable aminoarylcarbenes.10 This prompted us
to investigate their behavior toward alkenes, and here
we report a new competitive pathway for cyclopropa-
nation, namely an original dearomatizing cyclization.

Following Moss’ classification,11 and despite the pres-
ence of the inductively withdrawing 2,6-bis(trifluoro-
methyl)phenyl substituent (ArF), the aminoarylcarbene
110a can be expected to feature nucleophilic character
toward alkenes. Accordingly, no reaction was observed
with electron-rich olefins such as enol ethers or enam-
ines. We then investigated the reaction of 1 with 2-
chloroacrylonitrile, since this highly electron-deficient
olefin12 had been previously demonstrated to react with
the related phosphinoarylcarbene (i-Pr2N)2PCArF
affording a 3:1 mixture of the corresponding cyclopro-
panes.13 According to 19F NMR, the conversion of 1
was complete after 2 h at room temperature in tetrahy-
drofuran. After removal of the solvent under vacuum,
the resulting product 2 was extracted with pentane
and characterized spectroscopically.14 The expected
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Figure 1. Thermal ellipsoid diagram (50% probability) of 2, the

hydrogen have been omitted for clarity.
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Scheme 1. Abnormal cyclopropanation reactions of the 1,3,4-triphenyl-1,2,4-triazol-5-ylidene with dimethyl-fumarate and maleate.
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formation of a 1/1 adduct between the carbene and
olefin was established by mass spectrometry (DCI/NH3).
The 1H NMR spectrum indicated the presence of two
diastereotopic protons for a methylene group (d 3.19
and 3.55 ppm, 2JHH ¼ 17:3Hz), but the corresponding
13C signal (d 50.4 ppm) was about 20 ppm at lower field
than that expected for a cyclopropane.13 Moreover, the
19F NMR spectrum featured a signal in the typical range
for a C(sp2)CF3 group (d 14.4 ppm) but also another one
of similar intensity at much higher field (d 1.9 ppm). This
suggested the desymmetrization of the 2,6-bis(trifluoro-
methyl)phenyl framework, which was further corrobo-
rated by the magnetic inequivalence of the CHmeta

groups of 2 (1H: d 6.11 and 6.48 ppm, d, 3JHH ¼ 5:7Hz
and 13C: d 126.6 and 127.0 ppm). These data as a whole
were not in favor of a cyclopropane moiety. Single
crystals of 2 were grown from a saturated pentane
solution at )30 �C and the X-ray diffraction study
revealed an original bicyclic structure, the two carbon
atoms of the olefin bridging the carbene center and one
of the ortho positions of the ArF ring (Fig. 1).

From a mechanistic point of view, the formation of 2
most probably results from a Michael addition of the
carbene to the olefin, followed by dearomatizing cycli-
zation of the resulting zwitter-ion 3 via nucleophilic
attack at one of the ortho positions of the ArF ring
(Scheme 2).15;16 The nucleophilic attack at the C-imin-
ium center that would have led to the corresponding
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Scheme 2. Reaction of the stable aminoarylcarbene 1 with 2-chloroacryloni
cyclopropane 4 is probably empeded due to steric con-
gestion. Moreover, the isomerization of 3 by 1,2-proton
shift would have afforded the enamine 5, which does not
benefit in that case from any push–pull stabilization.

Notably, this dearomatizing cyclization occurs under
very mild experimental conditions and proceeds with
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formation of a CC bond between two quaternary cen-
ters. Moreover, a single diastereomer was observed both
in solution and in the solid state. It features the chlorine
atom and the CF3 group in a trans relationship. So far,
this complete diastereoselectivity has not been ratio-
nalized.

In conclusion, the stable aminoarylcarbene 1 was found
to readily add to 2-chloroacrylonitrile, affording the
bicyclic compound 2 in high yield and with complete
diastereoselectivity. This is a further illustration that the
availability of stable carbenes allows for the observation
of unusual reactions.15 Dearomatizing cyclization16

appears as a further competitive pathway for cyclo-
propanation, and the observation of cyclopropanation
reactions involving a stable aminocarbene remains an
exciting challenge.
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