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1. Introduction

The importance of strained carbocycles such as three-mem-
bered rings has long been recognised in organic chemistry.!
Indeed, organic chemists have always been fascinated by the
cyclopropane subunit,® which has played and continues to play
a prominent role in organic chemistry. Its strained structure,
interesting bonding characteristics and value as an internal
mechanistic probe have attracted the attention of the physical
organic community. Due to the limited degrees of freedom in the
system, these conformationally constrained molecules have very
pronounced steric, stereoelectronic and directing effects, which
make them versatile probes for the study of regio-, diastereo- and
enantioselectivity.> Furthermore, a diverse reactivity pattern
resulting from the significant strain energy accounts for the use
of small carbocycles as convenient models for the investigation of
organic and organometallic reaction mechanisms. Among the
class of cyclopropanes, methylenecyclopropane and alkylidene-
cyclopropane derivatives have been well documented as useful
synthetic intermediates in organic chemistry over the past few
decades. Arguably, the chemistry of these compounds is the most
rapidly developing among all small-ring compounds. Indeed,
alkylidenecyclopropanes and methylenecyclopropanes are highly
interesting compounds. Surprisingly, in spite of their highly
strained structure (40 kcalmol™!), they usually exist as stable
compounds at room temperature, allowing their use in many
synthetic applications with an otherwise unattainable chemical
reactivity. Because of this strained nature, associated with a large
structural differentiation available, methylene- and alkylidene-
cyclopropanes show various reactivities and have long been
widely used in organic synthesis for their enormous potential. It
must be noted that numerous efficient and straightforward
syntheses of different types of methylene- and alkylidene-
cyclopropanes have appeared in the literature.* The goal of the
present review is to cover the recent advances in the reactivity of
methylene- and alkylidenecyclopropane derivatives, focussing on
those published since 2003. This area was previously reviewed by
Brandi et al. in 2003, focussing on the synthesis of heterocycles
starting from alkylidenecyclopropanes,® and by Yamamoto et al.
in 2002, focussing on the transition metal-catalysed reactions® of
methylene- and alkylidenecyclopropanes.” In a more general
context, it must be noted that Rubin et al. reported the transition
metal chemistry of cyclopropenes and cyclopropanes, in 2007.8
This review is subdivided into six sections, according to the
different types of reactions, such as ring-opening reactions,
cycloaddition reactions, rearrangements, radical reactions, poly-
merisation reactions and miscellaneous reactions including
addition reactions with ring conservation and Heck reactions. It
must be noted that the transformations of one methylene- or
alkylidenecyclopropane into another through a simple function-
alisation of the methylene- or alkylidenecyclopropane moiety
have not been included in this review, but have been reported in
a very recent review dealing with the synthesis of methylene-
and alkylidenecyclopropane derivatives.*f

2. Ring-opening reactions

Methylene- and alkylidenecyclopropanes undergo a variety of
ring-opening reactions because the relief of ring strain provides
a potent thermodynamic driving force. These reactions can be
achieved by using transition metal catalysts, Lewis acids and also
Brensted acids. Transition metal-catalysed ring-opening reactions
of alkylidenecyclopropanes have been widely explored over the
past decades.>’ On the contrary, less attention has been paid to the
Lewis acid- or Brgnsted acid-mediated reactions of alkylidenecy-
clopropanes.® Ring-opening reactions of methylene- and alkylide-
necyclopropanes can be completed with various nucleophiles, such
as amines, alcohols, water, carboxylic acids, thiols, sulfonamides,
metal halides, etc. An attractive, but also troublesome, feature of
methylene- and alkylidenecyclopropanes is their diverse re-
activities that may lead to the formation of a variety of products
through the addition to a C=C double bond and cleavage of pro-
ximal or distal bonds of the three-membered ring. Moreover, for
the reactions with unsymmetrical alkylidenecyclopropanes, the
regiochemistry generally affords different possible products.
Indeed, the regioselectivity of the ring-opening reaction is one of
the attractive issues in exploring this field of chemistry, and the
selectivity is controlled by the selection of the metal reagents or
catalysts and/or the structure of the cyclopropane substrates. So far,
the crucial factor to determine the mode of ring opening of alky-
lidenecyclopropanes is not clear.

2.1. Ring-opening reactions by amine derivatives

The formation of carbon—nitrogen bonds is one of the most
important processes in organic synthesis. In particular, the addition
of the nitrogen—hydrogen bond of amines to carbon—carbon
multiple bonds (hydroamination) is an ideal and challenging
method for this purpose, offering an efficient synthetic route to
amines, enamines and imines.'® In 2003, Shi et al. showed that the
ring-opening reaction of alkylidenecyclopropanes with aromatic
amines could be performed in an environmentally benign solvent,
such as supercritical carbon dioxide at 10 MPa, in the presence of
heptadecafluorooctanesulfonic acid as the catalyst, providing an
access to the formation of homoallylic amines.!! Therefore, the
reaction proceeded smoothly to give the corresponding dialkylated
derivative as the major product along with the corresponding
monoalkylated compound, as shown in Scheme 1. The best yields of
up to 95% were obtained with aromatic amines bearing an electron-
withdrawing group on the benzene ring. Moreover, apart from
aromatic amines, this methodology could be applied to sulfon-
amides, as shown in Scheme 1.

These authors have demonstrated that the ring-opening
reaction of diphenylmethylenecyclopropane with aromatic amines
in supercritical carbon dioxide could also be catalysed by a Lewis
acid, such as Sn(OTf),, in the presence of an additive, such as per-
fluorotoluene.!? As shown in Scheme 2, the reaction led to a mix-
ture of the corresponding mono- and dialkylated amine products in
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