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Ring opening of 1,1-dinitrocyclopropane by addition of
C, N, O and S nucleophiles
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Abstract—Nucleophilic ring opening of 1,1-dinitrocyclopropane was studied with diverse C, N, O and S nucleophiles. A series of
3-X-substituted-1,1-dinitropropanes was obtained. Weak nucleophilic tertiary amines were also active in this reaction and afforded
zwitterionic compounds.
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Table 1.

1 2a-g

NO2

NO2 X

1) MX
NO2

NO2
2) HCl/H2O
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(�C)

Yielda

2 (%)

a NaN3 16 CH3CN/
H2O 1:1

60 52

b NaCN 10 CH3CN/
H2O 1:1

80 54

c KSCN 4 CH3CN/
H2O 1:1

60 75

d NaOEt 1 EtOH Reflux 84

e
KO

24 THF 20 77

f NaS 4 CH3OH 20 54

g NaHC

CO2Et

CO2Et

2 EtOH Reflux 82

a Yield of isolated product.
It is well known that cyclopropanes activated by two
geminal electron-withdrawing substituents are capable
of undergoing ring-cleavage reactions with various
nucleophiles.1 This transformation is known as the
homologous version of the classical Michael addition
and has been widely applied in organic synthesis for
the formation of functionalized molecules with carbon
skeletons, for example, those found in natural prod-
ucts.1–4

Recently we reported the first synthesis of 1,1-dinitro-
cyclopropane 1 by the reaction of trinitromethane and
diazomethane.5 Compound 1 is a novel, unique doubly
activated cyclopropane, so we have studied its reactivity
towards a wide range of C, N, O and S nucleophiles.

Treatment of 1 with a series of the inorganic salts, such
as KCN, KSCN and NaN3 readily afforded stable salts
of dinitro-3-X-substituted propanes, which gave, after
acidification, the corresponding dinitropropanes 2a–c6

(Table 1). Thiocyanate anions were found to be the most
reactive nucleophiles: the reaction was complete in 4 h at
60 �C with the formation of dinitropropane 2c in 75%
yield.

The reaction of 1 with LiI in diethyl ether at room tem-
perature afforded, however, a rearrangement product,
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3-nitroisoxazoline N-oxide 35,7 in quantitative yield
(Scheme 1). Such isomerization was earlier observed
for nitrocyclopropanecarboxylates by the action of
halide ions as well as by heating.2,3,8 It is interesting to
note that 1 was thermally stable; heating at 150 �C for
2 h alone did not lead to N-oxide 3.
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Table 2.
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4 Amine (NR1R2R3) Reaction time (h) Solvent Temperature (�C) Yielda 4 (%)

a Aniline 4 CH3CN 60 90
b Piperidine 1 CH3CN 20 67
c Hydrazine 72 CH3CN 20 48
d Triethylamine 48 CH3CN 20 79
e Pyridine 24 CH3CN 20 80
f 4-Aminopyridine 24 CH3CN 20 88

a Yield of isolated product.
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The formation of N-oxide 3 can be envisaged as two suc-
cessive nucleophilic substitutions in which iodide anion
initiates the sequence.

Compound 1 reacted easily with alcoholates and thiol-
ates of alkali metals9 under very mild conditions (2e
and 2f, Table 1). Similar reactions in the case of other
doubly activated cyclopropanes could be achieved only
after longer heating.3,10

Cyclopropane 1 underwent the ring-cleavage reaction
with sodium diethylmalonate as a C-nucleophile form-
ing dinitro-diester 2g11 (Table 1). This type of reaction
was known previously as the first example of a 1,5-
homoconjugate addition to an activated cyclopropane
bearing two ethoxycarbonyl functionalities.12 The reac-
tion of dinitro-substituted cyclopropane 1 with sodium
diethylmalonate proceeded under milder conditions
and was complete after 2 h in boiling ethanol in contrast
to that for diethylcyclopropane-1,1-dicarboxylate.2a,12

Primary and secondary amines also easily opened the
cyclopropane ring of 113 (Table 2). This cleavage
occurred faster than in the cases of gem-disubstituted
cyclopropanes bearing electron-withdrawing substitu-
ents such as COR or CN.14 Thus, full conversion of 1
into the stable zwitterionic compound 4b under the
action of piperidine was complete in 1 h at room tempe-
rature. In the case of hydrazine, the formation of yellow
betaine 4c was observed. However, aniline did not give
the corresponding zwitterion in reaction with 1 (Table
2) due to the low basicity of its nitrogen, conjugated
as it is with an aromatic ring, instead, the product was
amine 4a.
In contrast, tertiary amines such as triethylamine, pyri-
dine and 4-aminopyridine readily reacted with 1 to give
the corresponding betaines 4d–f13 (Table 2). Previously,
a similar reaction was reported only for the extremely
activated spiro-acylal of Danishefsky (6,6-dimethyl-5,7-
dioxaspiro[2.5]octane-4,8-dione).10

P-Nucleophiles such as triphenylphosphine and diethyl
phosphite did not react with activated cyclopropane 1.

The following main conclusion can be drawn from our
results: the reactions of 1,1-dinitrocyclopropane 1 with
diverse nucleophiles proceed via cyclopropane ring
opening and with the retention of both nitro groups
under mild conditions to yield various 3-substituted
1,1-dinitropropanes. Further studies of the reactivity
of dinitrocyclopropane are currently in progress in our
group.
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