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ABSTRACT

Thermolysis of enantiopure sulfonyl pyrazolines 4 and 5, easily obtained from ( Z)-3-p-tolylsulfinylacrylonitriles (1), afforded sulfonyl cyclopropanes
(6, 7) in a completely stereoselective manner in almost quantitative yields. Both cyclopropanes and alkylidenecyclopropanes, containing one
or two chiral carbon atoms, one of them being quaternary, were obtained by hydrogenolysis of the C −S bonding and under the conditions
reported by Julia, respectively. The highly stereoselective extrusion of nitrogen suggests a concerted mechanism.

The wide occurrence of cyclopropane rings in naturally
occurring and biologically active compounds has stimulated
the development of many methods and strategies for cyclo-
propanation.1 One of the most powerful and efficient methods
for obtaining cyclopropanes involves the enantioselective
cycloaddition of different metal carbenes, generated by
catalytic decomposition of diazocompounds, to alkenes.2

However, its use in an enantioselective manner is restricted
to electron-rich olefins and its efficiency sharply decreases
when the steric hindrance becomes larger. The Michael

addition-ring closure of special nucleophiles, like sulfur
ylides, to electron-deficient alkenes appears as a comple-
mentary cyclopropanation procedure, but the reported ste-
reoselectivities are usually moderate.3

Decomposition of pyrazolines has proved to be an excel-
lent method for the preparation of cyclopropanes.4 Photo-
chemically induced processes are usually more important for
this purpose, in comparison with the thermal ones, because
of their higher stereoselectivity and usually larger proportion
of cyclopropanes.5 Although the thermal extrusion of nitrogen
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from pyrazolines mainly gives olefins, there are also known
examples yielding cyclopropanes as the main products.6 The
use of these processes in asymmetric synthesis has been only
occasionally exploited because of their usually low stereo-
selectivity. Additionally, the low number of general and
efficient methods for preparing optically pure∆1-pyrazo-
lines7,8 could be another important reason accounting for this
absence.

Recent efforts in our laboratory have focused on the use
of vinyl sulfoxides as chiral dipolarophiles in reactions with
different dipoles.9 They have been shown to be excellent
precursors for the synthesis of pyrazolines.9a Namely, reac-
tions of optically pure (Z)-3-p-tolylsylfinylacrylonitriles with
diazoalkanes afforded differently substituted∆1-pyrazolines
(2 and3) in high yields and with a complete control of the
regioselectivity and theendo/exoandπ-facial selectivities10

(Scheme 1). The easy availability of the starting sulfinyl

nitriles 111 (two steps from commercial alkynes) conferred
this procedure a wide scope in the synthesis of optically pure
sulfinyl pyrazolines. Consequently, we decided to evaluate
the efficiency of these compounds as the starting materials
for the preparation of optically pure cyclopropanes. The
results obtained in this study are reported herein.

Compounds2a-c and 3a-c (Scheme 1) were prepared
according to the previously reported procedure10 and sub-
sequently used as starting materials. Initially, we studied the
behavior of these substrates under thermal conditions (re-
fluxing toluene). However, all attempts failed, giving rise

to complex reaction mixtures. To avoid pyrolytic desulfi-
nylation, able to promote decomposition of these compounds,
we decided to oxidize the sulfinyl group into a sulfonyl group
prior to treatment of pyrazolines under conditions of thermal
decomposition. Sulfonyl pyrazolines4 and 5 were readily
obtained in quantitative yields by oxidation withm-CPBA
(Scheme 2).

Compounds4a-c and 5a-c proved to be excellent
starting materials for the synthesis of the sulfonyl cyclopro-
panenitriles6a-c and7a-c. Thus, after stirring for 7-9 h
in refluxing toluene, cyclopropanes were obtained in almost
quantitative yields (>96%) in all cases. This is one of the
most efficient reactions reported to date affording cyclopro-
panes by thermal decomposition of pyrazolines. The forma-
tion of the corresponding olefins was not detected in any
experience. However, even more interesting is the exclusive
formation of one cyclopropane,6 or 7, exhibiting a cis
arrangement between the alkyl groups R and R′, even in the
case of thet-butyl derivative. This result demonstrates that
these reactions take place in a completely stereoselective way
(de > 98%), as it was determined by integration of well-
separated signals of the1H NMR of their crude mixtures.

The absolute configuration at the stereogenic center of
cyclopropanes6 and 7 bearing the sulfonyl group was
assigned asSby assuming that it was maintained unaltered
in the extrusion step (it had been unequivocally assigned for
the starting sulfinyl pyrazolines2 and310). The cis relation-
ship existing between the R groups and the proton at
sulfonylated carbon in compounds6 and7 as well as between
R and Me groups in compounds7 could be deduced from
the 1H NMR parameters (values of NOEs). In Figure 1 are
indicated the most significant values observed for7b.12 This
assignment indicates that the extrusion of nitrogen has taken
place with retention of the configuration at the three chiral
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Figure 1. NOE values for7b.
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centers of the starting pyrazoline. To our knowledge, this is
one of the few examples of extrusion of nitrogen from
pyrazolines under thermal conditions giving rise to optically
pure cyclopropanes with complete control of the stereose-
lectivity.

Whereas a diradical mechanistic pathway has been pro-
posed by several groups13 to explain the highly stereoselec-
tive evolution of pyrazolines under photolytic conditions, the
course of the thermal decomposition of pyrazolines into
cyclopropanes still remains controversial. Indeed, the hitherto
reported stereochemical results from thermal decomposition
of 1-pyrazolines are quite divergent and strongly dependent
on the nature of the substituents at the ring. Ionic14 or
diradical15 mechanisms have been postulated to explain the
most usual pyrolytic processes proceeding without stereo-
selectivity, although there is a report that assumes a diradical
mechanism to explain some stereoselective transformations.16

Many years ago,17 a concerted mechanism was invoked
to account for the retention of configuration observed in some
cyclopropanes resulting from extrusion of nitrogen of pyra-
zolines. Bearing in mind the electron-withdrawing groups
existing at the pyrazoline rings reported herein, our stereo-
chemical results are consistent with the concerted thermal
decomposition proposed by McGreer17a,b of a series of 4-
and 5-alkyl-substituted 3-methyl-3-methoxycarbonyl-∆1-
pyrazolines, which afford cyclopropanes by extrusion of
nitrogen through a polar transition state, where the degree
of bond breaking of the C(3)-N bond is advanced over the
bond breaking of the C(5)-N bond (Figure 2). The common

feature of compounds4 and 5 with those studied by
McGreer17a,b is the existence of a quaternary carbon at C-3

of the pyrazoline ring, supporting an electron-withdrawing
group able to stabilize the negative charge.18

Due to the potential interest of the availability of a
cyclopropane moiety in organic structures, as a consequence
of its presence in building blocks of naturally occurring
compounds19 or to its effectiveness in restricting the con-
formational mobility of biologically active compounds,20 we
embarked on the task of transforming our previously
synthesized enantiopure sulfonyl cyanocyclopropanes (6 and
7) into other cyclopropane derivatives.21

Reductive desulfonylation of compounds7a (R ) n-Bu)
and 7b (R ) t-Bu) proved to be a difficult task in the
synthesis of other sulfinyl cyclopropanes.3 In our case, we
used different systems to get the hydrogenolysis of the C-S
bond such as Li+Naft-,22 [Al(Hg)], 23 [Na(Hg)],24 Ni(Raney),
Li/EtNH2,25 but the results obtained were not satisfactory in
any case. Finally, it was accomplished by treatment of7a
and7b with magnesium in methanol following previously
reported procedures,20a,26 which were slightly modified.27

After 1-3 days at room temperature, we obtained the
expected compounds (Scheme 3) in ca. 80% yield of the
crude reaction (chemically pure by NMR). Distillation of
the crude mixture afforded8a and8b in 60 and 56% yields,
respectively.28 The four-step procedure described herein for
preparing enantiomerically pure cyclopropanes containing
two chiral centers (one of them quaternary) from sulfinyl
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Figure 2. Proposed transition states for the concerted nitrogen
extrusion under thermal conditions.
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acrylonitriles (six steps from commercial terminal alkynes)
is one of the shortest and most efficient methods so far
reported.

We have also taken advantage of the presence of the SO2-
Tol moiety in the cyclopropanenitriles6 and7 to incorporate
other functionality into the molecule during the elimination
step of the sulfonyl group. Thus, we have used them to
prepare optically pure alkylidenecyclopropanes, interesting
substrates in the synthesis of heterocyclic compounds,29 as
well as for the preparation of other cyclopropane derivates.30

In our case, compounds9a,band10a,bwere obtained from
6a,b and 7a,b, respectively, under the conditions reported
by Julia31 (Scheme 4). Yields were almost quantitative as
determined by NMR, only small amounts of the unaltered
substrates having been detected in the reaction crudes.
However, optically pure9a,b and 10a,b could be isolated
only in moderate to high yields by distillation from the
reaction crudes.32

In conclusion, in this paper we describe one of the most
efficient methods for synthesizing optically pure cyclopro-
panes and alkylidenecyclopropanes containing a quaternary
chiral center. It involves six steps from commercial alkynes,
many of them evolving in quantitative yields. The key step
is the thermal extrusion of the nitrogen from chiral pyrazo-
lines, which contain a quaternary carbon (C-3) bearing an
electron-withdrawing group (CN). This extrusion takes place
in very high yields with complete retention of the configu-
ration of all the chiral centers.
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